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when sealed to another outer^ film layer comprising ionomer, ethyiene/acid copolymer, ethylene/vinyl 
acetate-ooDoiymer and/or ethvlene/acrylate copolymer provide a seal having enhanced seal strength. 
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Field of the Invention 

The present invention relates generally to films, both monolayer films and multilayer films, and particularly 
to packaging films. The present invention -also-relates to packages, especially packages having one or more 
5 seals, as well as packaged products. The present invention is particularly related to films suitable for sealing, 
especially heat sealing. 

Background of the Invention • 

10 Multilayer films having one or more tie layers containing a blend of an ethytene/alpha-olefin copolymer** 

and a ptastomer and/or an elastomer, are known. Such tie layers are internal film layers which those of skill 
in the art recognize as being compatible with other compositions, i.e., suitably, for direct adhesion to, for x- 
ample. ionomers and polyethylene homopolymers and copolymers. 

Multilayer films with one or more surface layers containing a blend of an ethylene/alpha-olef in copolymer 

15 and a plastomer, and/or an elastomer, are also known. However, such films have been used in a manner in 
which the outer blend-containing sealing layer^ Is sealed to itself, and the package Is a high strength, heat- 
resistant structure which has been used as dunnage bags (which contain air, and are used to stabilize loads 
during shipping, these films comprising an ethylene/alpha-olef in copolymer having a density of about 0.916 
or greater) and for use in the packaging of water softener, i.e., salt pellets. 

20 Ionomers such as metal-neutralized copolymers of an olefin and a carboxylic acid are also known fgr^use 

in an outer film layer. Ionomers are advantageous in the (outer) sealing layer of a film because they nnelt at 
relatively low temperature and produce a relatively strong heat seal. However, iononners are expensive rela^ve^ 
to other polymers typically used In packaging films. ** ^ 

Since ionomer-containing resins are expensive, it would be desirable to use less ionomer, or no ionomer. 

25 without sacrificing the advantageous properties provided by ionomers. such as7ow seal initiation temperatute. 
relatively high seal strength, relatively high hot tack strength, suitability for seals used*in cook-in conditions, 
acceptable for food contact, etc. Furthermore, it would also be desirable to provide a film having a relatively 
thick layer or layers which undergo nnelt flow during sealing, so that the resulting seal is capable of sealing 
through or around surface imperfections, cTr cdfitaminatlorTsuch as dust, fat. water, the product being pack- 

30 aged, e.g. food, such as meat Of course, it would'also be desirablie to provide at low cost this relatively thick 
region capable of melt flow during sealing, i.e., using compositions Which are inexpensive, especially compo- 
sitions less expensive than ionomer. 
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Summary of the Invention 



The present invention is the result of a discovery that a polymer composition which includes two or mor 
different polymers, in an outer sealant layer and/or a seaUassist layer in packaging films, provide the f ilips 
with highly desirable sealing characteristics, including one or more of the following: (a) low seal initiation tenrv 
perature. (b) high seal strength, (c) high hot tack strength, (d) suitability for seals used under cook-in condi- 

40 tions, and (e) acceptable outer layer for use in direct contact with food. Moreover, it is most^signif leant that 
these compositions rival the sealing performance of iononrter compositions which currently set the standard 
of commercial performance with respeict to sealing, while being substantially less expensive than ionomer com- 
positions. Thus, the present invention permits the use of less tononrter. or no ionomer. without sacrificing the 
advantageous seal properties provided by ionomers. 

45 ' Furthermore, the composition of the present invention can be used to provide a film having a relatively 
thick layer or layers which undergo melt flow during sealing, so that the film is capable of sealin"§'through c n- 
tamlnation such as dust. fat. water, the product being packaged, especially food, suchjis [Qeat. as well as seal-- 
ing around surface imperfections. Providing such a relatively thick surface of ionomer is often so expensive ^ 
that it is not commercially cost-prohibitive. Thus, the present invention enables t|ie use of relatively thick sealing 

50 layers, with their respective advantages as set forth above, in-commercial appFcations which previously have 
been cost-prohibitive. ' 

As a first aspect, the pres nt invention pertains to aVackag^ comprising a seal of a f ir5t'%>uter film layer 
to a second outer film lay r. The first outer film lay r'^comprises a composition. The composition comprises a 
first component and a second component. The first comp'onent comprises at least one*member selected from 

55 the group consisting of poly thylene homopolymer. and ethylene/aTpha-olef in copolymer. The second compo- 
nent comprises at least one m mber selected from the group consisting of elastomer, plastomer, and carboxyl- 
modif ied polyethylene. The second out r film layer comprises at least one m mber select d from the group 
consisting of ionomer, ethytene/acid copolymer, arid carboxyl-modif ted polyethylene. ^ ^ ** 
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Preferably, the first outer film layer comprises from about 1 to 99 percent of the total thickness of the film 
in which it is present; more preferably, from about 3 to 75 percent; still more preferably, from about 5 to 40 
percent; and yet still more preferably, from about 7 to 25 percent. 

Preferably, the first outer film layer has a seal initiation temperature of from about 175°F to 300°F; more 
5 preferably, from about 175°F to 250°F.; and, still more preferably, from about 175°F to 225*'F. 

Preferably, the composition comprising the first component and the second component comprises from 
about 5 to 95 weight percent of the first component with from about 95 to 5 weight percent of the second com- 
ponent; more preferably, from about 50 to 90 weight percent of the first component with from about 10 to 50 
weight percent of the second component; still more preferably, from about 80 to 30 weight percent of the first 
10 component with from about 20 to 70 weight percent of the second component; and yet still more preferably, 
from about 70 to 50 weight percent of the first component with from about 30 to 50 weight percent of the second 
component 

As a second aspect, the pigsent invention pertains to a package comprising a seal of a first outer film layer 
to a second outer film layer. The first outer film layer comprises a composition. The composition comprises a 

15 first component and a second cornponent. The first component comprises at least one member selected from 
the group consisting of ethylene/vinyl acetate copolymer, and ethylene/acrylate copolymer. The second com- 
ponent comprises at least one member selected from the group consisting of elastomer, plastomer, and car- 
boxyl-modif led polyethylene. The second outer film layer comprises at least one member selected from th 
group consisting of ionomer, ethylene/acid copolymer, ethylene/vinyl acetate copolymer, and ethylene/acrylate 

20 copolymer. 

Preferably, the ethylene/vinyl acetate copolymer has a vinyl acetate (polymerization unit) content of from 
about 1 to 26 weight percent; more preferably, from about 4.5 to 19 weight percent; an still more preferably, 
from about 6 to 19 weight percent. 

Preferably, the ethylene/vinyl acetate copolymer has a density of from about 0.91 to 0.95 g/cc; more pre- 
25 ferably, from about 0.92 to 0.95; still more preferably, from about 0.93 to 0.95. Preferably, the ethylene/acrylate 
copolymer has a density of from about 0.91 to 0.95 g/cc; nnore preferably, from about 0,92 to 0.95; still more 
preferably, from about 0.93 to 0.95. — ' ^ *^ 

As a third aspect, the present invention pertains to a package comprising a seal of a region of a first outer 
film layer to a region of a second outer film layer. Each of the outer film layers comprises a composition. The 
30 composition comprises a first component and a second component. The first component comprises at least 
^ one member selected from the group consisting of polyethylene homopolymer, ethyiene/alpha-olef in copoly- 
mer, ethylene/vinyl acetate copolymer, and ethylene/acrylate copolymer. The second component comprises 
at least dfie member selected from the group consisting of elastomer, plastomer, ionomer , and carboxyl-modi- 
f ied polyethylene. 

^35 " As a fourth aspect, the present invention pertains to a multilayer film. The multilayer film comprises an 
outer sealant layer and a core seal-assist layer. The outer sealant layer comprises at least one member selected 
from the group consisting of ionomer, carboxyl-nrK>dif ied polyethylene, and ethylene/acid copolymer. The outer 
sealant layer has a thickness of from about 1 percent to 20 percent, based on a total thickness of the multilayer 
film; preferably 5 to 1 5 percent; more preferably 7 to 1 0-percent; still more preferably 6 to 8 percent. Preferably. 
40 the seal-assist layer has a thickness of from about 10 to 95 percent, based on the total thickness of the film; 
more preferably, from about 10 to 50 percent; still more preferably, from about 10 to 30 percent. Preferably, 
the total thickness of the outer seal layer together with the sealrassist layer is from about 0.1 5 to 3 mils; more 
, * preferably, from about 0.5 to 2 mils; still more preferably, from about 0.5 to 1 mil. 

The core seal-assist layer comprises a composition. The composition comprises a first component and a 
—45 — second component-The first com ponent comprises at least one mem ber selected from the group consisting 
, of polyethylene homopolymer. ethy!ene/alpha-olef in copolymer, ethylene/viriyl"acetate~copolymer.-and-eth 
^ lehe/acryiate copolymer. The second component comprises at least one member selected from the group con- 
sisting of elastomer, plastomer. ionomer. and carboxyl-modified polyethylene. 

As a fifth aspect, the present invention pertains to a package comprising a seal of a first region of a first 
50 outer film layer to a second region of a second outer film layer. The first outer film layer comprises a homo- 
geneous ethylene/alpha-olefin copolymer, and the second outer film layer comprises at least one member se- 
lected from the group consisting of ionomer, ethylene/acid copolymer, carboxyl-modified polyethylene. Thie 
seal has a strength of at least 2 lb/in; preferably a strength of from about 2 to 10 lb/in.; nnore preferably from 
about 3 to 10 lb/in.; stilt more preferably, from about 5 to 10 lb/in. 
, 55 As a sixth aspect, the present invention pertains to a film comprising a composition. The connposition com- 

prises a first component and a second component. The first component comprises at least one member se- 
lected from the group consisting of polyethylene homopolymer, ethylene/alpha-olefin copolymer, ethylene/vinyl 
acetate copolymer, and ethylene/acrylate copolymer. The second component comprises at least one member 

3 



EP 0 686 497 A2 



selected from the group consisting of elastomer, plastomer, and carboxyl-modlf led poly thylene. 

As a seventh aspect, th present invention pertains to a film comprising a first layer, a second layer, and 
a third layer. The first layer Is an outer sealant layer, and the first layer comprises a first Qpmpositlon. The first 
composition comprises a first component and a second component. The first component comprises at least 
one member selected from the group consisting of polyethylene hpmopolymer, ethylene/alpha-olef in copoly- 
mer, ethylene/vinyi acetate copolymer, and ethylene/acrylate copolymer. The second component comprises 
at least one member seliected from the group consisting of elastomer, plastomer, and carboxyl-modif led poly- 
ethylene. The second layer comprising a second composition. TJie second composition comprises a third com- 
ponent and a fourth component. The third component comprises at least one member selected from the group 
consisting of polyethylene homopolymer. ethylene/alpha-olef in copolymer, ethylene/vinyl acetate copolymer, 
and ethylene/acrylate copolymer. The fourth component comprises at least one member selected from the 
group consisting of elastomer, plastomer, ionomer, and carboxyl-modif led polyethylene. The first composition 
is different from the second composition. 

As an eighth aspect, the present invention pertains to a multilayer film comprising a first layerand a second 
layer. The first layer is a seal-assist layer, and the first layer comprises a first composition. The first composiUon 
comprises a first component and a second component The first component comprises at least one member 
selected from the group consisting of polyethylene homopolymer, ethylene/alpha-olefin copolymer, ethy- 
lene/vinyl acetate copolymer, and ethylene/acrylate copolynier. The second component comprises at l^st one 
member selected from the group consisting of elastomer, plastomer, and carboxyl-modif ied polyethylene. The 
^second layer is an outer sealant layer, and the outer sealant layer comprising at least one member selected 
from the group consisting of ionomer, ethylene/aeid eopolymei-, and carboxyl nrujdified polyethylene. 

As a ninth aspect, the present invention pertains to a multilayer film comprising a first layer, a second layer, 
a third layer, a fourth layer, a fifth layer, and a sixth layer. The first layer Is an outer sealant layer as well as a 
food-contact layer, and the first layer comprises at least one member selected from the group consisting of 
ionomer, ethylene/acid copolymer, and carboxyl-modif ied polyethylene. The second layer is an outer layer as 
well as being a non-food-contact layer. The third layer is a seal-assist layer, and the third layer jsbetv^eefTthe 
first layer and the second layer. The third layer comprises a first composition. The first composition comprises 
a first component and a second component. The first component comprises at least one niember selected from 
the group consisting of polyethylene homopolymer, othylene/alpha-olef in copolymer, ethylene/vinyl acetate co- 
polymer, and ethylene/acrylate copolymer. The second component comprises^t least one member selected 
from the group consisting of elastomer, plastomer, lonomer /and carboxyl-modif ied polyethylene. The fourth 
layer is a memory layer, and the fourth layer Is between the second layer and the third layer. The fifth layer 
is a tie layer, and the fifth layer is between the third layer and-the fourth layer. The sbcth layer is a tie layer, 
and the sixth layer is between the second iayecand the fourth layer. ^ * 

Brief Description of the Drawings ' „ 

Figure 1 illustrates an enlarged cross-sectional view of a monolayer film in accord with the present invent! 
tion. . * 

Figure 2 Illustrates an enlarged cross-sectional view of a two-layer film in accord with JJie present Inventi n. * 

Figure 3 illustrates an enlarged cross-sectional view of a three-layer film in accord with the present inven- . 
tion. . 

Figure 4 illustrates an enlarged cross-sectional view of a four-layer film in acccnrd with the present inven- 
tion. " ^ 

Figure 5 illustrates an enlarged cross-sectional view of a nme-layer film In accord with the present inven- 
tion. ^ " 

Figure 6 illustrates an enlarged cross-sectional view of an eight-layer film in accord with the present in- 
vention. 

Figure 7 illustrates an enlarged cross-sectional view of a seven-layer film In accord with the present in- 
vention. 

Figure 8 illustrates an enlarged cross-sectional view of an alternative eight-layer film in accord^witfrthe 
present invention. 

Figujie 9Jllustrates an niarged cross-s ctional view of a sbc-layerf ilm in accord with the present invention. * 
Figure 10 illustrates a perspective view of a packaged product according to the present invention.^ 
Figure 11 illustrates a perspective view of ah alternativ packaged product according to the present in- 
vention. 

, . Figure 1 2 illustrates a perspecliv view of a further packaged product according to the present invention. 
Figure 13 illustrates a perspective vi w of another alternative packaged product according to the pres nt 
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invention. 

Figure 14 Illustrates a cross-sectional view, through section 14-14. of the packaged product illustrated in 
Figure 13, 

Figure 1 5 illustrates a cross-sectional view of a generic seal used in a package. 
5 Figure 16 illustrates a cross-sectional view of a lap seat. 

Figure 17 illustrates a cross-sectional view of a package comprising a fin seal. 
Figure 18 illustrates a schematic view of a preferred process for making prefenred multilayer films. 
Figure 19 illustrates a schematic view of another preferred process for making preferred multilayer films. 
Figure 20 illustrates a schematic view of another prefenred process for making preferred multilayer films. 
10 Figure 21 Illustrates a schematic view of another prefenred process for making preferred multilayer films. 

Figure 22 is a bar graph representation of seal temperature (**F) vs. seal strength (lb/in) results, and pro- 
vides comparative data for the seal strengths of several sealants versus temperature. 

Figure 23 is a bar graph representation of seal temperature (°F) vs. seal strength (lb/in) results, and pro- 
vides comparative data for the seal strength of various ionomer resins as a function of temperature. 
15 Figure 24 is a bar graph representation of seal temperature (°F) vs. seal strength (lb/in) results, and pro- 

vides comparative data for the seal strength of various compositions in comparison with a specific ionomer 
resin. 

Figure 25 is a bar graph representation of seal temperature (°F) vs. seal strength (lb/in) results, and pro- 
vides comparative data for the seal strength of various compositions being sealed to a specific ionomer resin. 
20 Figure 26 is a bar graph representation of seal temperature {**F) vs. seal strength (lb/in) results, and pro- 

vides comparative data for the seal strength of various^compositions being sealed to a specific ionomer resin. 

Figure 27 is a bar graph representation of seal temperature ('Fj vs. seal strength (lb/in) results, and pro- 
vides comparative data for the seal strength of an "ionomer capped" multilayer film to a specific ionomer, ver- 
sus a conventional ionomer to Ionomer seal. 
25=^ Figure 28 is a bar graph representation of seal temperature (°F) vs. seal strength (lb/in) resujts, and pro- 

vides comparative data for the seal strength for two multilayer film structures versus a conventional ionomer 
to ionomer seal. ^ 

Figure 29 is a bar graph representation of seal temperature (**F) vs. seal strength (lb/in) results, and pro- 
^ vides comparative data for the seal strength for a specific "ionomer capped" multilayer film to a specific iono- 
30 mer, versus a conventional ionomer to ionomer seal. 

Detailed Description of the Invention 

As used herein, the term "film" is used in a generic sense to include plastic web, regardless of whether it 
35 is film or sheet. Preferably, films of and used in the present invention have a thickness of 0.25 mm or less. As 
used herein, the term "package" refers to packaging materials used in the packaging of a product. 

As used herein, the term "plastomer" refers to any of a family of thenmoplastic-elastomeric. styrene/buta- 
diene copolymers whose molecules have a radial or star structure in which several polybutadiene chains x- 
tend from a central hub. with a polystyrene block at the outward end of each segment. Preferably, the plastom r 
40 comprises homogeneous ethylene/alpha olefin copolymer; more preferably, homogeneous ethylene/alpha-ole- 
fin copolymer having a density of from about 0.86 to 0.91; still more preferably, homogeneous ethylene/alpha- 
olefin copolymer having a density of from about 0.86 to 0.879. As used herein, the term plastomer is inclusive 
of such copolymers regardless of whether the copolymer is cured or uncured. 

As used herein, the term "elastomer" refers to a material that at room temperature can be stretched re- 
45 oeatedlv to at least twice-its original length-and.Jmrned^^ u pon release of the stress, retu rns with force to 
its approxiniate original length. This characteristic distinguishes plastics from elastomers and rubbersras well- 
as the fact that elastomers are given their final properties by mastication with fillers, processing aids, antiox- 
idants, curing agents, etc., followed by vulcanization (curing) at elevated temperatures. Only a few elastomers 
are thermoplastic in nature. As used herein, the term "elastomer" is inclusive of: thermoplastic elastomers 
50 ("TPE'S") such as ethylene propylene diene monomer ("EPDM"), butyl rubber, styrene-butadiene block copo- 
lymer, chlorinated butyl rubber, and ethylene propylene rubber. thernr>op!astic urethane ('TPU"). thermoplastic 
olefin ('TPO"); and ethylene propylene rubber ("EPR"). As used herein, the temn elastomer is inclusive of such 
materials regardless of whether the material is cured or uncur d. 

^Preferably, th elastomer used in the pres nt invention comprises at least one m mber selected from the 
55 group consisting of: acrylonitrile/chloropr ne copolymer, acrylonitrile/isoprene copolymer, butadiene/acryio- 
nitrile copolymer, chlorinated polyethylene, chlorosulfonated polyethylene, ethylene ether polysulfide. ethy- 
lene/ethyi acrylate copolymer, ethylene polysulfide, ethylene/propylene copolymer, ethylene/propylene/diene 
terpolynrter. fiuoroelastomer, fluorosilicone, hexafluoropropylene/vinylidene fluoride copolymer, isobutene/iso- 
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prene copolymer, organopolysiloxane, acrylic ester^butadiene-copoiymer. polybuladiene, polychloroprene, 
polyepichlorohydrin, polylsobutene, polyisoprene, polyurethane (polyester), polyurethane (polyether), polyur- 
ethane (poly ther and polyester), styrene/butadiene copolymer, styrene/chioroprene copolymer, polyethy- 
lene/butyl graft copolymer, and styrene/butadlene/styrene triblock polymer. 

The tenm "lonomer", as used herein, refers to a product of an ionic polymerization, i.e., a polymer containing 
interchain ion ic bonding. Preferably, the ionomer comprises at least one member selected from the group consisting 
of a thermoplastic resin based on metal salt of an alkene/acid copolymer; more preferably, a thermoplastic resin 
based on metal salt of ethylene/acid copolymer; still more preferably, ethylene/methacrylic aq0 copolymer. As used 
herein, the term "ionomer" also includes ethylene/acrylic acid copolymer and ethylene/acid/acrylate terpolymer. 

As used herein, the phrase "carboxyl-modif ied polyethylene" refers to a da^ of polymers which are similar 
to ionomers, but which are herein considered to be chemically^distinctfrom ionomers. Carboxyl-modif ied poly- 
ethylene, also referred to as "EMA ionomer", is produced from metal-based materials such as zinc acetate or 
sodium hydroxide reacted with ethylene/methacrylate copolyrner, as is known to those of skill in the polymer 
art. Ethyl ene/butyl acrylate copolymer is another carboxyl-modif ied polyethylene. 

As used herein, the phrases "seal layer", "sealing layer", "heat seal layer", and "sealant layer", refer to an 
outer film layer, or layers, involved in the sealing of the film to itself, another film layer of the same or another 
film, and/or another article which is not a film. It should also be recognized that in general, up to the outer 3 
mils of a film can be involved in the sealing of the film to itself or another layer. With respect to packages having 
only fin-type seals, as opposed to lap-type seals, the phrase "sealant layer" generally refers to«the insidefilm 
layer of a package, as well as supporting layers adjacent this sealant layer often being sealed to itself, and 
frequently serving as a food contact layer In the packaging of foods. In general, a seaFantfayer sealed by heat- 
sealing layer comprises any thermoplastic polymer; preferably, the heat-sealing layer comprises, for example, 
thermoplastic polyolef in, thermoplastic polyamide, thermoplastic polyester, and thermoplastic polyvinyl chlor- 
ide; more preferably, thermoplastic polyolef in; still more preferably, thermoplastic polyolef in having less than 
.60 weight percent crystal I in it y. . - ^ 

As used herein, the term "seal" refers to any seal of a first region of a film surface to a second region f 
a film surface, wherein the seal is formed by heating the regions to at least their respective seal initiation tem- 
peratures. The heating can be performed by any one or more of a wide variety of manners, such as using a 
heated bar, hot air, infrared radiation, ultrasonic sealing, etc. 

As used herein, the phrase "non-contact sealant layer" refers to an outer film layer which is suitable for 
use as a sealant layer, but which, when the film is used to make a package, is the film layer onUie outside of 
the package, and therefore has no substantial direct contact with the product within the package. The non- 
contact sealant layer can comprise a composition comprising a homogeneous ethylene/alpfea-olefin copolymer 
and a homogeneous ethylene/alpha-olefin copolymer plastomer; preferably, the non-contact sealant layer 
comprises an ethylene/alpha-olefin copolymer; more preferably, the non-contacAsealant layer comprises a bo- 
mogeneous ethylene/alpha-olefin copolymer 

As used herein, the phrase "seal-assist layer" refers to,a cpre layerof a multilayer film which is within about 
3 mils of an outer surface of the film, this core layer^having a.seaUnitiation temperature no higher than th 
temperature this layer reaches during a he^t sealing operation. ^ 

As used herein, with respect to the seal layer and/or the seal-assist layer, if the "composition" present in 
one or more of these layers comprises a "first component" and a "second component", or if the composition 
comprises a "third component" and a "fourth component", the two components in the layer are polymeric com- 
ponents which are substantially uniformly intermixed, i.e. . uniformly blended, with one another, so that the conr^r 
position is substantially homogeneous with respect to the presence of both the first component and th^second 
component . ^ 

Furthermore, the components in the composition used in the present invention are different components. 
For example, if the first component is an ethylene/alphaHolef in copolymer, and the second component is a ho- 
mogeneous ethylene/alpha-olefin copolymer plastomer, although the first component can also be a homogl- 
neous ethylene/alpha-olefin copolymer plastomer, the first compoxient must be chemically different from the 
second component. As a first prefenred difference, the first component has a density of from about 0.88 to 
0.92 g/cc (more preferably, 0.89 to 0.92; still more preferably, 0.90 to 0.92, and yet still more preferably, 0.90 
to 0.91 5), whereas the second component has a'density off rom about 0.86 to 0.91 g/cc'(more preferably, 0.86 
to 0.879). 

As an alternatwe difference betwe n the first component and the second component in the comfK>sition, 
there is a difference in the Vicat Soft ning Point between the two components. Vicat Softening Point is th 
temperature at which a flat-nosed needle of 1 mm^ circular cross section p netrates a thermoplastic specimen 
to a depth of 1 mm under a specified load using a uniform rate of temperatur ris (ASTM D 1525, hereby 
incorporated by reference thereto, in its entirety). Preferably the first component has*a Vicat Softening Point 
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of from 1**C to 100°C higher than the Vicat Softening Point of the second component; more preferably 10°C 
to 75°C highen still more preferably, 20°C to 50°C higher. However, the greater the difference in Vicat Softening 
Point, the greater the potential for enhancing the advantages provided by the present invention. . 

The outer sealant layer, in film according to the present invention, can further comprise an anhydride f unc- 

5 tionality. The presence of the anhydride functionality is especially advantageous if the film is to be used in a 
cook-in application, and the outer sealant layer is to be in direct contact with a product comprising meat. The 
anhydride functionality increases the degree of meat adhesion obtained, thereby preventing purge during cook- 
in. This subject matter is discussed in detail In copending U.S. Patent Application Serial No. 

. filed April 18. 1994, entitled "Film Having Anhydride Functionality in Outer Layer, Process for Making 

10 Same. Packaging Using Same, and Packaged Product Comprising Same", which is hereby incorporated by 
^ reference thereto, in its entirety. 

As used herein, the term "barrier", and the phrase "barrier layer", as applied to films and/or film layers, is 
used with reference to the ability of a film or film layer to serve as a barrier to one or more gases. Oxygen 
(i.e., O2) barrier layers can comprise, for example, ethylene/vinyl alcohol copolymer, polyvinyl chloride, poly- 

15 vinylidene chloride, polyamide. polyester, polyacrylonitrile, etc., as known to those of skill in the art; preferably, 
the oxygen barrier layer comprises^ethytene/vinyl alcohol copolymer, polyvinyl chloride, polyvinylidene chlor- 
ide, and polyamide; more preferably, ethylene/vinyl alcohol copolymer. 

As used herein, the phrase "abuse layer" refers to an outer film layer and/or an Inner film layer, so long 
as the film layer serves to resist abrasion, puncture, and other potential causes of reduction of package in- 

20 tegrity. as well as potential causes of reduction of package appearance quality. Abuse layers can comprise 
any polymer.^so long as the polymer contributes to achieving an integrity goal and/or an appearance goal; pre- 
ferably, abuse layers comprise polymer having a modulus of at least 10^ Pascals, at room temperature; more 
^ preferably, the abuse layer comprises at least one member selected from the group consisting of polyamide, 
ethylene/propylene copolymer; more preferably, nylon 6, nylon 6/6. amorphous nylon, and ethylene/propylene 

25 copolymer. 

As used herein, the temn "core", and the phrase "core layer", as applied to multilayer films, refer to any 
internal film layer which has a primary function other than serving as an adhesive or com patibi I izer for adhering 
two layers to one another. Usually, the* core layer or layers provide the multilayer film with a desired level of 
strength, i.e., modulus, and/or optics, and/or added abuse resistance, and/or specif ic impermeability. 
30 As used herein, the phrase "skin layer*' refers to an outside layer of a multilayer f iim in packaging a product, 

this skin layer being subject to abuse. Accordingly, the preferred polymers for the skin layer are the same as 
the preferred polyrfiers for the abuse layer. 

As used herein, the phrase "tie layer" refers to any internal layer having the primary purpose of adhering 
two layer^to'one another. Tie layers can comprise any nonpolymer polymer having a polar group grafted there- 
35 on, so that the polymer is capable of covalent bonding to polar polymers such as polyamide and ethylene/vinyl 
«^ alcohol copolymer; preferably, tie layers comprise at least one member selected from the group consisting of 
modified polyolefln. modified ethylene/vinyl acetate copolymer, and homogeneous ethylene/alpha-olef in co- 
polymer; more preferably, tie layers comprise at least one member selected from the group consisting of an- 
hydride modified grafted linear low density polyethylene, anhydride grafted low density polyethylene, homo- 
40 geneous ethylene/alpha-olef in copolymer, and anhydride grafted ethylene/vinyl acetate copolymer. 

As used herein, the phrase "bulk layer" refers to. any layer of a film which is present for the purpose of 
increasing the abuse-resistance, toughness, modulus, etc.. of a multilayer film. Bulk layers generally comprise 
polymers which are Inexpensive relative to other-polymers in the film which provide some specif ic purpose 
unrelated to abuse-resistance, modulus, etc. Preferably, bulk layers comprise polyolefln; more preferably, at 
—45— leastonememberselectediromthe grou p consisting of ethylene/alpha-olef in copolymer, ethylene/alpha-olef In 
copolymer plastomer. low density polyethylene, and linear low density polyetfiylene, ~ ^- 

The names "first layer", "second layer", as used herein, are generally indicative of the manner In which a 
" muftilayer film structure is built up. That is. in general . the first layer can be present without any of the additional 
layers described, or the first and second layers can be present without any of the additional layers described, 
50 etc. 

As used herein, the phrase "thermoforming layer" refers to a film layer which can be heated and drawn 
into a cavity, while maintaining uniform thinning, as opposed films or film layers which lose Integrity during the 
thenmoforming process (e.g. polyethylene homopolynrters do not undergo thenmoforming with uniform thin- 
ning). Preferably, thermoforming layers comprise polyamide, ethylene/propylene copolymer, and propylene 
55 homopolymen more preferably, nylon 6. nylon 6/6. amorphous nylon, ethylene/propylene copolymer, and pro- 
pylene homopolymer. 

As used herein, the phras "heat-resistant layer" refers to a film layer which has a relatively high melt tenv 
perature and/or relatively high heat distortion temperature, relative to the remainder of the film, especially rel- 
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ative to the sealant layer(s). Preferably, heat-resistant layers comprise at least one member selected from the 
group consisting of polyamide and propylene homopolym r; more preferably, nylon 6» n^lon 6/6. amorphous 
nylon, and propylene homopolymer. 

As used herein, the phrase "ultraviolet-protection layer" refers to a film layer which have the capability of 
absorbing ultraviolet radiation, so that the ultraviolet radiation cannot penetrate the film and be absdrbed'by 
the product Preferably, ultraviolet-protection layers cofnprise a polyamide; more preferably, at least one menrv- 
' ber selected from the group consisting nylon 6 and amorphous nylon. - - 

As used herein, the phrase "memory layer** refers to a„f ilm iayer which has elastic characteristics below 
its plastic deformation point, i.e., elongation at yield. Memory layers can comprise any polymer which has rel- 
atively high elongation at yield; preferably, memory layers comprise a polyamide; more preferably, nylon 6. 

As used herein, the phrase "meat-contact layer", refers to a layerof a multilayer film which is in direct con- 
tact with the meat-containing product packaged in the film. The meat-contact layer Is an outer layer, in order 
to be in direct contact with the meat product. The meat-contact layer is an inside layer in the sense that in" the 
packaged meat product, the meat-contact layer is the innermost film layer in direct contact with the food. 

As used..herein, the phrase "meat-contact surface" refers to a surface of a meat-contact layer which is in 
direct contact with the meat in the package. 

As used herein, the phrase "cook- in" refers to the process of cooking a |5foduct packaged in a material 
capable of withstanding exposure to long and slow cooking conditions while containing the food product, for 
^example submersion in water at 57^C to 121 °C (i.e, 135°F-250°F) for 2-12 hours, preferably 57°C to 100^C 
(i.e, 135**F-260**F) for 2-12 hours. Cook-in packaged foods are essentially pre-packaged, pre-cooked foods 
which may be directly transferred to the consumer in this^fbrm. These types of foods^may be consumed with 
or without warming. Cook-in packaging materials maintain seal Integrity, and In the case of multilayer f linns 
are delamlnation resistant Cook-in films must also be heat shrinkabie under cook-In conditions so as to form 
a tightly fitting package. Cook-in films preferably have a tendency for adhesion to the food product, thereby 
preventing "cook-out", which is the collection of juices between the outer surface of the food grpduct^and the 
meat-contact surface of the film, i.e., the surface in direct contact with the meat Additional optional charac- 
teristics of films for use in cook-in applications include delamination-resistance, low 02^permeabjlity, heat-'" 
shrinkability representing about 20-50% biaxial shrinkage at about 85°Q (185°F), and optical clarity. 

As used herein, "EVOH" refers to ethylene vinyl alcohol copolymer. EVOH-incltides saponified o^liydrol- 
yzed ethylene vinyl acetate copolymers, and refers to a vinyl alcohol copolymer having an ethylene comonomer, 
and prepared by, for example, hydrolysis of vinyl acetate^ copolymers, or by chemical reactions with polyvinyl 
*^lcohol. The degree of hydrolysis is preferably at least 50% and more preferably at least 85%. 

As used herein, the term "lamination^JheJerm 1anriinate'',,and the phrase "laminated film", refer to the 
process, and resulting product, made by bonding together two or more layers of film or other materials. Lam- 
ination can be accomplished by joining layers with adhesives, joining.wlth heat and pressure, and even spread 
coating and extrusion coating. The term laminate is also inclusive of coextruded multilayer films comprising 
one or more tie layers. ■ 

As used herein, the term "oriented" refers to a polymer-containing material which has been stretched at 
an elevated temperature (the orientation temperature), followed by being "set" in the stretched conf igura|ipn ^ 
by cooling the material while substantially retaining the stretched dimensions. Upon subsequently heating un- 
restrained, unannealed, oriented polymer-containing material to its orientation temperature, heat shrinkage is 
produced almost to the original unstretched, i.e., pre-orlented. dimensions. More particularly, the temforieht- 
ed", as used herein, refers to oriented films, wherein the orientationcan be produced in one or more of a variety 
-of manners. " * * 

As used herein, the phrase "orientation ratio" refers to the multiplication product of the extent to which the 
plastic film material is expanded in severardirectlons, usually two directions perpendicular to one another. Ex- 
pansion in the machine directton is herein referred to as "drawing", whereas expansion in the transverse di- 
rection is herein referred to as "stretching". The degree of orientation is also referred to as the orientation ratio, 
or sometimes as the "racking ratio". 

As used herein, the term "monomer" refers to a relatively simple compound, usually contairwg cai^onand 
of low molecular weight, which can react to form a polymer by combining with itself or with other similar nr>ol- 
cules oj^cornpounds. ^ 

As used herein, the term "comonomer" refers to a monomer which is copolymerized with at least one dif- 
fer nt monomer In a copolym rization reaction, the result of which is a copolymer. « 

As used herein, the term "polymer" refers to the product of a polymerization reaction, and is inclusive of 
homopolymers, copolymers, terpolymers, etc. In gen ral.^the layers of a film can consist essentially of a singl 
polym r, or can have still additional polymers together therewith, i.e., bt nded therewith. 

As used herein, the term "homopolym r*' is used with reference to a polymer resulting from the polymer- 
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ization of a single monomer, i.e., a polymer consisting essentially of a single type of repeating unit. 

As used herein, the term "copolymer" refers to polymers formed by the polymerization reaction of at least 
two different monomers. For example, the term "copolymer" includes the copoiymerizatioh reaction product 
of ethylene and an alpha-clef in. such as 1-hexene. However, the term "copolymer" is also inclusive of, for x- 
*^ 5 ample, the copolymerization of a mixture of ethylene, propylene, 1-hexene, and 1-octene. 

As used herein, the term "polymerization" is inclusive of homopoiymerizations. copolymerizations. terpo- 
lymerizations. etc., and includes all types of copolymerizations such as random, graft, block, etc. In general, 
the polymers, in the films used in accordance with the present invention, can be prepared in accordance with 
any suitable polymerization process, including slurry polymerization, gas phase polymerization, and high pres- 
10 sure polymerization processes. " \ 

Slurry polymerization processes generally use superatmospheric pressures and temperatures in the range 
of 40*^-1 00**C. In a slurry polymerization, a suspension of solid, particulate polymer is formed in a liquid poly- 
' merization mediumio which ethylene and comonomers and often hydrogen along with catalyst are added. The 
liquid employed in the polymerization medium can be an alkane, cycloalkane, or an aromatic hydrocarbon such 
15 as toluene, ethylbehzene or xylene. The medium employed should be liquid under the conditions of polymer- 
ization, and relatively Inert. Preferably, hexane or toluene is employed. 

" Alternatively, gas-phase polymerization process utilizes superatmospheric pressure and temperature in 
the range of about 50*'-120°C. Gas phase polymerization can be performed in a stirred or fluidized bed of cat- 
alyst and product particles in a pressure vessel adapted to permit the separation of product particles from un- 
20 reacted gases. Ethylene, comonomer, hydrogen and an inert diluent gas such as nitrogen can be introduced 
or recirculated so as to maintain the particles at temperatures of 50'*-120*»C. Triethylaluminum may be added 
as needed as a scavenger of vvater, oxygen; and other impurities. Polymer product can be withdrawn contin- 
uously orsemlcontlnuously, at a rate such as to maintain a constant product inventory in the reactor. After poly- 
merization and deactivation of the catalyst, the product polymer can be recovered by any suitable means. In 
25^ commercial practice, the polymer product can be recovered directly from the gas phase reactor, freedjof r - 
stdual monomer with a nitrogen purge, and used without further deactivation or catalyst removal. 

High pressure polymerizatton processes utilize a catalyst system comprising a cydopentadienyl-transition 
metal compound and an alumoxane compound. It is important, in the high-pressure process, that the poiymer- 
^ ization temperature be above about 120°C., but below the decomposition temperature of the polymer product. 
^30 It is also important that the polymerization pressure be above about 500 bar (kg/cm^). In those situations where- 
in the molecular weight of the polymer product that would be produced at a given set of operating conditions 
is higher than desired, any of the techniques known in the art for control of molecular weight, such as the use 
of hydrogen or reactor temperature, may be used in the process of this invention. 

As used herein, the term "copolymerization" refers to the simultaneous polymerization of two or more 
35 monomers. 

As used herein, a copolymir identified in terms of a plurality of monomers, e.g., "propylene/ethylene co- 
polymer", refers to a copolymer in which either monomer copolymerizes in a higher weight or molar percent. 
However, the first Hsted monomer preferably is polymerizes in a higher weight percent than the second listed 
monomer, and, for copolymers which are terpolymers. quadripolymers, etc.. preferably, the first monomer co- 
40 polymerizes in a higher weight percent than the second monomer, and the second monomer copolymerizes in 
^ a higher weight percent than the third monomer, etc. 

As used herein, copolymers are identified, i.e. named, in terms of the monomers from which the copoly- 
mers are produced. For example, the phrase "propylene/ethylene copolymer" refers to a copolymer produced 
by the copolymerization of both propylene and ethylene, with or without additional comonomer(s). A copolymer 
-45 — nnmpriftftft repAjninq-gpolymerization,units!_deriv ed from the monomers from which the co poly mer is prod uced. 

As used herein, the phrase "polymerization unit" refers to a unit of a polymer, as derived'f rem a monomer- 
used in the polymerization reaction. For example, the phrase "alpha-olef in polymerization units" refers to a 
unit in, for example, an ethylene/alpha-olefin copolymer, the polymerization unit being that residue which is 
derived from the alpha-olef in monomer after it reacts to become a portion of the polymer chain. 
so Either of the named monomers may copolymerize in a higher weight or molar percent However, the first 

listed monomer preferably polymerizes in a higher weight percent than the second listed monomer, and, for 
copolymers which are terpolymers. quadripolymers. etc.. preferably the monomer specified first in the name, 
i.e. th first-specified monomer, copolymerized in a higher weight percent than the second-specified monomer, 
and in turn the second-specified monomer copolymerizes in a higher weight percent than the third-specified 
55 monomer, etc. 

As used herein, terminology mploying a "r with respect to the chemical identity of a copolymer (e.g., "an 
ethylene/alpha-olefin copolymer"), identifies the comonomers which are copolymerized to produce the copo- 
lymer. Such phrases as "ethylene alpha-olef in copolymer" is the respective equivalent of "ethylene/alpha-olefin 
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copolymer." ^ . 

As used herein, the phrase "heterogeneous polymer" refers to polymerization reaction products of rela- 
tively wide variation in molecular weight and relatively wide variation in composition distribution, i.e., polymers 
made, for example, using conventional Ziegler-Natta catalysts. Heterogeneous polymers are useful in various 
5 layers of the film used in the present invention. Such polymers typically contain a relatively wide variety of 
chain lengths and comonomer percentages. ^ ^ 

As used herein, the phrase "heterogeneous catalyst" refers to a catalyst suitable for use in the poiymeri- 
zation of heterogeneous polymers, as defined above. Heterogeneous catalysts are comprised of several kinds 
of active sites which differ in Lewis acidity and steric environment Ziegler-Natta catalysts are heterogeneous 

10 catalysts. Examples of Ziegler-Natta heterogeneous systems include metal halides activated by an organo- 
metaltic co-catalyst, such as titanium chloride, optionally containing magnesium chloride, complexed t0 trialkyl. 
aluminum and may be found In patents such as U.S. Patent No. 4,302,565, to GOEKE, et. ai., and U.S. Patent 
- No. 4,302,566, to KAROL, et. al., both of which are hereby incorporated, in their entireties, by reference thereto. 
As used herein, the phrase "homogeneous polymer" refers to polymerization reaction products of relatively 

15 narrow molecular weight distribution and relatively narrow composition distribution. Homogeneous polymers 
are useful in various layers of the multilayer film used in the present invention. Homogeneous polymers exhibit 
a relatively even sequencing of comonomers within a chain, the mirroring of sequence distribution in all chains, 
and the similarity of length of all chains, and are typically prepared using metallocene, or other single-site type 
catalysis, ^ ^ ^ 

20 More particularly, homogeneous ethylene/alpha-olef in copolymers may be charactehzed^by one or more 

methbds known to those of skill in the art, such as molecular weight distribution (Mw/Mn)rcomposition distHb-" 
ution breadth index (CDBI), and narrow melting- point range and single melt point behavior. The molecular - 
weight distribution (Mw/Mn), also known as polydispersity, may be determined by gel permeation chromatog- 
raphy. The homogeneous ethylene/alpha-olef in copolymers useful in this invention will have a (Mv/Mn) of less 

25 ^ than 2.7. Preferably, the (Mw/Mn) will have a range of about 1.9 to 2.5. More preferably, the (MJMn) will hav 
a range of about 1.9 to 2.3. The composition distribution breadth index (CDBI) of such homogeneous ethy- 
lene/alpha-olef in copolymers wilt generally ije greater than^about 70 percent. The CDBlis defined as the weight 
percent of the copolymer molecules having a comonomer content within 50 percent (i.e., plus or minus 50%) 
of the median total molar comonomer content The CDBI of linear polyethylene, which does not contain a com- 

30 onomer, is defined to be 1 00%. The Composition Distribution Breadth Index (CDBI) Is determined via the tech- 
nique of Temperature Rising Elution Fractionation (TREF). CDBI determination clearly distinguishes the ho- 
mogeneous copolymers used in the present invention (narrow composition distribution as assessed^By CDBI * 
values generally above 70%) from VLDPEs available commercially which generally h^ve^ broad composition- 
distribution as assessed by CDBI values generally less than 55%. The CDBI of a copolymer is readily calculated , 

35 from data obtained from techniques known in the art, such as, for example, temperature rising elution frac- 
tionation as described, for example, in Wild et al., J, Poly. Sci. Poly. Phvs. Ed. , Vol. 20, p.441 ( 1982) r Prefer- 
ably, the homogeneous ethylene/alpha-olef in copolymers have a.CDBI greater than abK>ut 70%, i.e., a CDBI 
7 of from at)out 70% to 99%. In general, the homogeneous ethylene/alpha-olef in copolymers in the multilayer 
films of the present invention also exhibit a relatively narrow melting point range, in comparison with "hetero- 

40 geneous copolymers", i.e., polymers having a CDBI of less than 55%. Preferably, the homogeneous ethy- 
lene/alpha-olef in copolymers exhibit an essentially singular melting point characteristic, with a peak melting 
point (Tm). as determined by Differential Scanning Colorimetry (DSC), of from about 60**C to HO^'C. Preferably 
the homogeneous copolymer has a DSC peak T^ of from abK>ut 80*»C to 100**C. As used herein, the phras 
"essentially single melting point" means that at least about 80%, by weight, of the material oofrespondsto a « 

45 single T^ peak at a temperature within the range of from about 60°C to 11 0°C, and essentially no sut>stantial^ 
fractbn of the material has a peak melting point in excess of about 115°C.. as determined by DSC analysis. 
DSC measurements are made on a Perkin Elmer System 7 Thermal Analysis System. Melting information re- 
ported are second melting data, i.e., the sample Is heated at a programmed rate of lO^'C./min. to a temperature 
below its critical range. The sample is then reheated (2nd melting) at a programmed rate of 1 0**C/min. The pres- 

50. ence of higher melting peaks Is detrimental to film properties such as haze, and compromisjss the chances 
for meaningful reduction In the seal initiation temperature of the final film. 

A homogeneous ethylene/alpha-olefin copolymer c^n, in general, be prepared by ihe copolymerization of 
ethylene and any one or more alpha-olef in. Preferably, the alpha-clef in Is a C3-C20 alpha-monoolef in, more 
preferably, a C4-C12 alpha-monoolef in, still more pr ferably, a C4-C8 alpha-monoolef in. Still more preferably, 

55 the alpha-olef In comprises at least one member select d from the group consisting of butene-1, hexene-1, 
and octene-1 , i.e., 1-butene, 1-hex ne, and 1-octene, resp ctively. Most preferably, th alpha-otef In comprised 
octene-1, and/or a blend of hexene-i and butene-1. 

Processes for preparing homog neous polymers ar disclosed In U.S. Patent No. 5,206,075, U.S. Patent" 
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No. 5.241,031. and PCT International Application WO 93/03093, each of which is hereby incorporated by ref- 
erence thereto, in its entirety. Further details regarding the production and use of one genus of homogeneous 
ethylene/aipha-oief in copolymers are disclosed in-U.S.~ Patent No. 5,206.075, to HODGSON. Jr.; U.S. Patent 
No. 5.241.031. to MEHTA; PCT International Publication Number WO 93/03093. in the name of Exxon Chem- 
5 ical Company; PCT International Publication Number WO 90/03414. in the name of Exxon Chemical Patents. 
Inc., all four of which are hereby incorporated in their entireties, by reference there. Still another genus of ho- 
mogeneous ethylene/alpha-olef in copolymers is disclosed in U.S. Patent No. 5,272,236. to 1^1, et. al., and U.S. . 
Patent No. 5.278,272, to LAI, et. al.. both of which are hereby Incorporated in their entireties, by reference there- 
to ^ . 

10 As used herein, the phrase "homogeneous catalyst" refers to a catalyst suitable for use in the polymeriza- 

tion of homogeneous polymers, as defined above. Homogeneous catalysts are also referred to as "single site 
catalysts", due to the fact that such catalysts typically have only one type of catalytic site, which is believed 
to be the basis for the homogeneity of the polymers they catalyze the polymerization of. 

As used herein, the term "poiyolef in" refers to any polymerized olefin, which can be linear, branched, cyclic, 

15 aliphatic, aromatic, substituted, or unsubstituted. More^specif ically, included in the term polyolef in are homo- 
polymers of olefin, copolymers of olefin, copolymers of an olefin and an non-olefinic comonomer copolymer- 
izable with the olefin, such as vinyl monomers, modified polymers thereof, and the like. Specif ic examples 
include polypropylene homopolymers. polyethylene homopoiymers, poly-butene, propylene/alpha-olef in copo- 
" lymers, ethylene/ajpha-olefin copolymers, butene/atpha-defin copolymers, ethylene/vinyl acetate copoly- 

20 mers, ethylene/ethyi acrylate copolymers. -ethyl en e/butyl acrylate copolymers, ethylene/methyl acrylate co- 
polymers, ethylene/acryllcacid copolymers, ethylene/methacryllcacid copolymers, modified polyolef In resins, 
ionomer resins, polymethylpentene. etc. The modified polyolef In resins include modified polymers prepared 
^ by^copolymerizing the homopolymer of the olefin or copolymer thereof with an unsaturated carboxyllc acid, 
e.g.. maleic acid, f umaric acid or the like, or a derivative thereof such as the anhydride, ester or metal salt or 

25 the like. It could also be obtained by incorporating into the olefin homopolymer or copolymer, an unsaturated 
carboxylic acid, e.g., maleic acid, fumaric acid or the like, or a derivative thereof such as the anhydride, ester 
or metal salt or the like. 

As used herein, terms identifying polymers, such as "polyamidei". "polyester", "polyurethane", etc. are in- 
clusive of not only polymers compreing repeating units derived from rnonomers known to polymerize to form 

30 a polymer of the named type, but are also inclusive of comonomers, derivatives, etc. which can copolymerize 
with monomers known to polymerize to produce the named polymer. For example, the term "polyamide" en- 
compasses both polymers comprising repeating units derived from monomers, such as caprolactam, which 
polymerize to form a polyamide, as well as copolymers derived from the copolymerization of caprolactam with 
a comonome? which when polymerized alone does not result in the formation of a polyamide. Furthermore, 

35 terms identifying polymers are also inclusive of mixtures, blends, etc. of such polymers with other polymers 
of a different type. 

As used herein, the phraise "anhydride functionality" refers to any form of anhydride functionality, such as 
the anhydride of maleic acid, fumaric acid, etc., whether blended with one or more polymers, grafted onto a 
polymer, or copolymerized with a polymer, and, in general, is also inclusive of derivatives of such f unctionaliti s, 
40 such as acids, esters, and metal salts derived therefrom. 

As used herein, the phrase "modified polymer", as well as nriore specific phrases such as "modified ethy- 
lene vinyl acetate copolymer", and "modified polyolef In" refer to such polymers having an anhydride function- 
ality, as defined immediately above, grafted thereon and/or copolymerized therewith and/or blended therewith. 
^ Preferably, such modified polymers have the anhydride functionality grafted on or polymerized therewith, as 

~~45 opposed to merely-blended^therewith . , 

As used herein, the phrase "anhydride-containing polymer" and "anhydride-modified polymer^Trefere'to" 
one or more of the following: (1) polymers obtained by copotymerizing an anhydride-containing monomer with 
" a second, different monomer, and (2) anhydride grafted copolymers, and (3) a mixture of a polymer and an 
anhydride-containing compound. 
50 As used herein, the phrase "ethylene alpha-olef in copolynrier". and "ethylene/alpha-olef in copolymer*", refer 

to such heterc^eneous materials as linear low density polyethylene (LLDPE). and very low and ultra low den- 
sity polyethylene (VLDPE and ULDPE); and homogeneous polymers such as metallocene catalyzed polymers 
such as EXACT (TM) materials supplied by Exxon, and TAFMER (TM) mat rials supplied by Mitsui Petrochem- 
ical Corporation. These materials generally include copolymers of ethylene with one or more comon mers se- 
55 lected from C4 to C10 alpha-olefin such as butene-1 (i.e.. 1-buten ), hexene-1. octene-1, etc. in which th mol- 
ecules of the copolymers compris long chains with relatively f w side chain branches or cross-linked struc- 
tur s. This molecular structure is to be contrasted with conventional low or medium density polyethylenes 
which are more highly branched than their respective counterparts. LLDPE, as used herein, has a density usu- 
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ally in the range of from about 0.91 grams p rouble cent! meter to about 0.94 grams per cubic cent! meter. Other^ 
ethylene/alpha-olef in copolymers, such as the long chain branched homogeneous ethylene/alpha-olef in co- 
polymers available from the Dow Chemical Company, known as AFFINITY (TM) resins, are also induded as 
another type of ethylene alpha-olef in copolymer useful in the present Inventio'n. ^ ^ 

5 In general, the ethylene/alpha-olef in copolymer comprises a copolymer resulting from the copolymeriza- 

• -tion of from about 80 to 99 weight percent ethylene and from 1 to 20 weight percent aipha-olefin. Preferably, 
the ethylene alpha-olef In copolymer comprises a copolymer resulting from the oopolymerization of from about 
85 to 95 weight percent ethylene and from 5 to 15 weight percent alpha-olef in. 

As used herein, the phrases "inner layer" and "Internal layer" refer to any layer, of a multilayer film, having 

10 both of its principal surfaces directly adhered to another layer of the film. 

As used herein, the phrase "outer layer" refers to any film layer of film having less than two of its principal 
surfaces directly adhered to another layer of the film. The phrase Is inclusive of monolayer and multilay;erfflnis. 
In multilayer films, there are two outer layers, each of which has a principal surface adhered to only one other 
layer of the multilayer film. In monolayer films, there is only one layer, which, of course? is an outer layer in* 

15 that neither of its two principal surfaces are adhered to another layer of the film. 

As used herein, the phrase "inside layer" refers to the outer layer, of a multilayer film packaging a ^troduct, 
which is closest to the product, relative to the otjier layers of the multilayer film. 

As used herein, the phrase "outside layer*' refers to the outer layer, of a multilayer film packaging a product, 
which is furthest from the product relative to the other layers €^the*multllayer film. 

20 As used herein, the phrase "directly adbered", asappHed to film layers, is defined as adhesion of the sub- 

ject firm layer to the object film layer, without a tie layer, adhesive, or other layer therebetween. In contrast, 
as used herein, the word "between", as applied to a film layer expressed as being between two other specified 
layers. Includes both direct adherence of the subject layer between to the two other layers it Is between, as 
well as including a lack of direct adherence to either or both of the two other layers the subject layer is between^ 

25 i.e., one or more additional layers can be imposed between the subject layer and one or more of the layers 
the subject layer is between. ^ « 

As used^erein, the term "extrusion" is used with reference to the process of forming continuous shapes 
by forcing a molten plastic material through a die, followed by cooling or chemical hardening. Immediately prior 
to extrusion through the die, the relatively high-viscosity polymeric material is fed into a rotating screw of v?a- 

30 riable pitch, which forces it through the die. ^ 

— ■ - As used herein, the term "coextrusion" refers to the process of^extruding two or more materials through 
a single die with two or more orifices arranged so that the extrudates merge and weld together into a laminar 
structure before chilljng, i.e., quenching. Coextrusion can be employed in film blowing, free film extrusion, 
and extrusion coating processes. 
35 As used herein, the phrase "machine direction", herein abbreviated "MD", refers to a direction "along th 

length" of the film, i.e.. In the direction of the film as the film is formed during extrusion and/or coating. 

. As used herein, the phrase "transverse direction", herein abbreviated "TD", refers to a dii»ction aooss 
the film, perpendicular to the machine or longitudinal direction. ^ 
As u$.edj:)erein» the phrase *Yree shrink" refers to the percent dimensional chang^in'i" 1 0cmxIOcmsp - 
40 cimen of film, when subjected to selected heat, as measured by ASTM D 2732, as known to those of ^ski 11 in 
the art. ^ 

Although the majority of the above definitions are substantially as understood by those of skill in the art, 
^ one or more of the above definitions may be defined hereinabove in a manner differing frpm jhe meaning as 
ordinarily understood by those of skill in the art. due to the particular description herein of the present invention. 
45 . 

DISCUSSION OF THE FIGURES 

In general, the film used in the present invention can be a monolayer film or a multilayer film. The multilayer 
film illustrated in Figure 1 is a monolayer film; in Figure 2, two layers; in Figure 3, three layers; in Figut^ 4? 
50 four layers; in Figure 5, nine layers; and in Figure 6, eight layers; in Figure 7, seven layers; inTigureS, eight 
layers; in Figure 9, six layers. Preferably, the film used in the present invention comprises from 2 to 20 layers; 
more pref rably, from 2 to 12 layers; and still more preferably, from 4 to 9 layers. 

In general, the multilayer film used in the present invention can have any total thickness desired, ,fo lojig 
as the film provides the desired properties for the particular packaging operation in which the film is used. 
55 Preferably, th film used in the present invention has a total thickness (i.e., a combined thickness of all layers), 
of from about 0.5 to 15 mils (1 mil equals 0.001 inch); more prefe/ably, from about 1 to 10 mils; and still more 
preferably, from 2 to 8 mils. 

In Figure 1 , monolay r f ilm 30 is composed of a substantially homogeneous composition comprising a ho- 
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mogeneous ethylene/aipha-olef in copolymer, a homogeneous ethylene/atpha-olef in copolymer plastomer, and 
low density polyethylene. Table I provides the structural and compositional characteristics of this film. 





TABLE 1 


5 


film type 


layer function 


* chemical identity 


percent of total film thickness 




monolayer 


sealant, bulk, etc. 


60 % 0.900 g/cc homogene- 
ous Et/alpha-olefin; 


100 


10 






35% 0.87 g/cc honrK>geneous 
plastomer; 

5% 0.923 g/cc LDPE 





In Figure 2, multilayer film 32 comprises outer sealant layer 34 and seal-assist layer 36.. Preferably, sealant 
layer 34 is composed of an ionomer resin, or a substantially homogeneous composition comprising a homo- 
geneous ethylene/aipha-olefin copolymer and a homogeneous ethylene/afpha-olefin copolymer plastomer; 
preferably, seal-assist layer 36 is composed of a substantially homogeneous composition comprising a homo- 
geneous ethytene/aipha-olef in copolymer and a homogeneous ethylehe/alpha-olefin copolyn^r plastomer. Ta- 
bles ll-A and ll-B provide two embodiments for the structural and compositional characteristics of multilayer 
film 32. 



. TABLE ll-A 


layer designation 


layer function 


chemical identity 


percent of total film thickness 


1 


outer sealant 


ionomer 


10 


2 


seal-assist 


65% 0.915 g/cc homogene- 
ous ethylene/alpha-olef in co- 
polymer 35% 0.87 g/cc ho- 
mogeneous ethylene/alpha- 
olef in copolymer plastomer 


90 



TABLE ll-B provides an alternativeio the multilayer film described in TABLE ll-A. 



35 






TABLE ll-B 








layer order 


'layer name 


layer function 


chemical identity 


percent of total film 
thickness 




..40 
45 - 


1 


second 


outer sealant 


65% 0.900 g/cc homo- 
geneous ethytene/al- 
pha-olefin copolymer; 

35% 0.87 g/cc homo- 
geneous ethylene/al- 


10 












pha-olef in copolymer 
plastomer 






SO 


2 


first 


seal-assist 


0.905 g/cc homogene- 
ous ethylene/alpha- 
olef in copolymer 


90 





In Figure 3, multilayer film 38 comprises outer sealant layer 40, seal-assist layer 42, and bulk layer 44. 
Preferably, film 38 has a total thickness of from about 0.5 to 8 mils; more preferably. 0.75 to 6 mils, and still 
more preferably from about 1.5 to 5 mils. Preferably, outer s alant layer 40 is compos d of an ionom r resin; 
preferably, seal-assist layer 42 is composed of a substantially homogeneous composition comprising a homo- 
geneous ethylene/alpha-olefin copolymer and a homogeneous ethylene/alpha-olefin copolymer plastomer; 
and preferably, bulk layer 44 is composed of a substantially homogeneous blend of linear low density poly- 
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20 



25 



30 



36 



40 



45 



ethylene and low density polyethylene. Tables lll-Aand llj-B provide the structural and compositional charac- 
teristics of pr ferred embodiments of multilayer film 38. 





TABLE lll-A 




5 


layer order 


layer name 


layer function 


chemical identity 


percent of total film 
thickness 

, „ , . -est 






1 


second 


seal 


ionomer 


7 


Oh 


10 


2 


first 


seal-assist 


« 

70% 0.900 g/cc homo- 
geneous Et/atpha-ole- 

fin; ^ 


20 




15 








*^30% 0.88' g/cc homo- 
geneous plastomer 








3 


third 


bulk 


80% 0.920 LLDPE; 
20% 0.923 LDPE 


73 





TABLE lll-B provides an alternative to the multilayer film described in TABLE lll-A. 



TABLE lll-B ^ ^ « . 


layer order 


layer name 


layer function 


J chenjical ijdentity 


percent o| total film 
thickness 


1 


second 


seal 


ionomer ^ 




2 


first 


seal-assist 


70% 0.900 g/cc homo- 
geneous Et/alpha-ole- 
fin; 


30 








30% 0.88 g/cc homo- 
geneous plastomer 




3 


third 


bulk 


80% 0.920 LLDPE; 
20% 0.923 CdPE 

1 — _ 3 


60 * 

* *• 



In Figure 4, multilayer film 46 comprisS^ outer sealant layer 48, seal-assist layer 50; tie layer 52, and ther- 
moforming and heat-resistant layer 54. Preferably, multilayer film 46 has a total thickness of from about 0.5 ' 
to 8 mils; more preferably, 0.75 to 6 mils, and still more preferably about 1 .5 to 5 mils. Preferably, outer sealant 
layer 48 is composed of an ionomer resin; preferably, seal-assist layer 50 is composed of a substantially ho- 
mogeneous composition comprising a homogeneous ethylene/alpha-olef in copolymer, a hornqgeneoys ^hy- ^ 
lene/alpha-olef in copolymer plastomer, and low density polyethylene; preferably, tie layer 52 comprises an an-** 
hydride-modified grafted linear low density polyethylene; and, preferably thermoformirrerand heat-resisfant 
layer 54 Is composed of polyamide. Table IV provides the structural and compositional characteristics of mul- 
tilayer film 46. ' ^ ^ 2 ^ 



50 



55 
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TABLE IV 


layer order 


layer name^ 


layer function 


chemical identity 


percent of total film 
thickness 


^ 1 


second 


outer sealant 


ionomer 


. . 8 


2 


first 


seal-assist 


ooto u.yio g/cc nomo- 
geneous ethylene/al- 
pha-olef in copolymer; 

35% 0.23 g/cc homo- 
geneous ethylene/af- 
pha-olef in copolymer 
plastomer; 

10% LDPE 


55 


3 


fourth 


tie 


anhydride-modified, 
grafted LLDPE 


7 


. 4 


third 


thermoforming & heat- 
resistance 


nylon 6 


30 



In Figure^S, multilayer film 56 comprises: outer sealant layer 58; seal-assist layer 60; tie layer 62; themno- 
forming and abuse layer 64; O2 barrier layer 66; thermoforming and abuse layer 68; tie layer 70; thermoforming 
and abuse layer 72; and thermoforming and heat-resistant layer 74. Preferably, multilayer film 56 has a total 
thickness of from about 0.5 to 8 mils; more preferably. 0.75 to 6 mils, and still more preferably from about 1.5 
to 5 mils. Preferably, outer sealant layer 58 is composed of an ionomer resin; preferably, seal-assist layer 60 
is composed of a substantially"Tiomogeneous composition comprising a honrK)geneous ethylene/alpha-olefin 
copolymer, a homogeneous ethylene/alpha-olefin copolymer plastomer. and low density polyethylene; prefer- 
ably„tie layer 62 is composed W anhydride-modified grafted linear low density polyethylene; preferably, ther- 
mofomfiing and abuse layer 64 Is composed of polyamide; preferably, O2 barrier layer 66 is composed of ethy- 
lene/vinyl alcohol copolymer; preferably, thermofoirming and abuse layer 68 is composed of polyamide; pre- 
ferably tie layer 70 is composed of anhydride^modlfied grafted linear low density polyethylene; preferably, ther- 
moforming and abuse layer 72 is composed of ethylene/propylene copolymer and preferably, thermoforming 
and heat%sistant layer 74 is composed of propylene homopolymer. Table V-A provides the structural and com- 
positional character^tics of multilayer film 56. . 
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TABLEV-A 


layer order 


layer name 


layer function 


chemical identity 


percent of total film 
thickness 


1 


second 


heatseal^ 


^ionomer 


^ 8 


2 


first 


seal-assist 


55% 0.915 g/cc homo- 
geneous ethylene/al- 
pha-olefin; 


20 








35% 0.87 g/cc homo- 
geneous ethylene/al- 
pha-olef in plastomer; 

10% 0.923 g/cc LDPE 




3 


fourth 


tie 


anhydride-modified, 
grafted LtDPE 


' ^ 10 


4 


fifth 


thermooforming & 
abuse 


blend of,B5% nylon 6 
& 15% amorphous ny- 
lon 


6 


5 


third 


oxygen barrier 


EVOH 


6 


O 


sixth 


thermoforming & 
abuse f 


blend of 85% nylon 6 
Qk<~ \ 3 /o amorpnous ny- 
lon ^ 


O 

>* 
■» 


7 


eighth 


tie 

»> 


anhydride-modified 
grafted LLDPE 


7 


8 


ninth 


thermofofthirtg & 
abuse 


ethylene/propylene co- 
polymer* 


22 


9 


seventh 


heat-resistance, & 
thermoforming 


propylene homopoly- 
mer 


15 



TABLE V-B provides an alternative to the multilayer film described in TABLE V-i^ 
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TABLE V-B 


layer order 


layer name 


layer function 


chemical identity 


percent of total film 
thickness 


1 

- 


•f ■■•c^4■ 


UULCi oool 


65% 0.900 g/cc homo- 

n^nAnijQ Pt/AlnhA-nlp^ 

y CI IdVJUO ^l/CII fJI IQ UIC^ 

fin; 

35% 0.87 g/cc homo- 
nAnaoufi fithvlane/al- 

uoi lowuo 0 ^1 1 yioi 1 w/ cil 

pha-olefin plastomer 


10 


2 


second" 


seal-assist 


geneous ethylene/ai- 
pha-olefin; 


20 








geneous ethylene/al- 
pha-olefin plastomer; 




3 


sixth 


tie 


anhydride- modified, 
grafted LLDPE 


10 


4 ^ 


fourth 

it 


thermoforming & ^ 
abuse 


blend of 85% nylon 6 
& 15% amorphous ny- 
lon , 


6 


5 


third" 


O2 barrier 

-(^ 


EVOH 


6 


6 


fifth 


thermoforming & 
abuse 


85% nylon 6; 

15% amorphous nylon 


6 


7 


eighth 


tie 


anhydride-modified 
grafted LLDPE 


7 


8 


ninth 


thermoforming & 
abuse 


ethylene/propylene co- 
polymer 


25 


9 


seventh' 


heat-resistance, & 
thermoforming . 


propylene homopoly- 
mer 


10 



In Figure 6, multilayer film 76 comprises: outer sealant layer 78; seal-assist layer 80; tie layer 82; thenmo- 
forming, abuse, and ultraviolet-protection layer 84; O2 barrier layer 86; thermoforming /abuse, and ultraviolet- 
protection layer 88; tie layer 90; thermoforming, abuse, and heat-resistant layer 92. Preferably, multilayer film 
" 76 has a total thickness of from about 0.5 to 15 mils; more preferably. 1 to 10 miis. and still more preferably 
from f^ty^*~9~tfrBWilsrPreferably~Quter sealant-layer-78 is composed-of.M resin ; preferably, seal- 

assist layer 80 is composed of a substantially homogeneous composition comprising a homogeneous ethy- 
lene/alpha-olefin copolymer, a^ homogeneous ethyiene/al pha-olefin copolymer plastomer, and low density 
polyethylene; preferably, tie layer 82 is composed of anhydride-modified grafted linear low density polyethy- 
lene; preferably, thermoforming, abuse, and ultraviolet- protection layer 84 is composed of polyamide; prefer- 
ably, O2 barrier layer 86 is composed of ethylene/vinyl alcohol copolymer; preferably, thermoforming, abuse, 
and ultraviolet-protection layer 68 is composed of polyamide; preferably tie layer 90 is composed of anhydride- 
modif i d grafted low density pplyethyl ne; preferat>ly, thermoforming, abuse, and heat-resistant layer 92 is 
composed of ethyl n /propylene copolymer. 

Tab! ^yi provides the structural and compositional characteristics of multilayer film 76. 
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TABLE VI 


layer order 


layer name 


layer function 


chemical identity 


percent of total film 
thickness" 




second 


heat seal 


ionomer 


8 


2 


first 


seal-assist 


55% 0.915 g/cc homo- 
geneous ethylene/al- 
pha-olefinf 


20 








35% 0.87 g/cc homo- 
geneous ethytene/al- 
pha-olef in plastomer; 

10% 0.923 g/cc LDPE 




3 


seventh 


tie 


an hydride-modified , 

nroftfaH 1 1 FIDE 


11 


4 


fifth 


thermoforming, abuse, 
& uv protectipQ 


blend of 85% nylon 6 
& j5% amorphous ny- 
lon ^ ^ 




5 


third 


oxvoen barrier 


EV0H 


D 


6 


sixth 


thermoforming, abuse, 
& uv protection 


blend of 85% nylon 6 
& 15% amorphous ny- 
lon 


6 


7 


eighth 


tie 


anhydride-modified 
grafted LDPE 


^ 35 


8 


fourth 


thermoforming abuse, 
and heat-resistance 


nylon 6 


8 



10' 



15 



20 



25 



30 



35 



40 



45 



In Figure 7. multilayer film 94 comprises: sealant layer 96; tie layer 98; thermoforming, abuse, and ultra- . 
violet-protection layer 100; O2 barrier layer 102; theirnoforming,, abuse, and ultraviolet- protection layer 104; 
tie layer 106; and thermoforming, abuse, an<3i heat-resistant layerj 08. Preferably, multilayer f ilhn 94 has a total 
thickness of from about 0.5 to 15 mils; more preferably, 1 to 10 mils, and still more preferably from about 2 to 
8 mils. Preferably, sealant layer 96 is composed of a substantially homogeneous composition comprising a 
honDogeneous ethyiene/alpha-olef in copolymer, a homogeneous ethylene/alpha-olef in copolymer plastomer, ^ 
and low density polyethylene; preferably, tie layer 98 is composed of anhydride-modified grafted linea&.low 
density polyethylene; preferably, thermofonming, abuse, and ultraviolet- protection layer 100 is^comtsosed of 
polyamide; preferably, O2 banrier layer 102 is composed of ethylene/vinyl alcohol copolymer; preferably, tfeer-^ 
mpforming, abuse, and ultraviolet-protection layer 104 is composed of polyamide; preferably,, tie layer 106 is 
composed of an hydride- modified grafted ethylene/vinyl acetate copolymer; preferably, thermoforming, abuse, 
and heat-resistant layer 108 is composed of polyamide. ^ ' ^ . ^ 

Table VII provides the structural and compositional characteristics of multilayer film 94. 
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TABLE VII 



layer ord r 



4 

5 



layer name. 



first 



third 

fourth 

second 
sixth 

seventh 
fifth 



layer function 



seal 



tie 



thernnoforming, abuse, 
& uv protection 



O2 barrier ^ 

thermoforming, abuse. 
& uv protection 



tie 

thermoforming, abuse, 
and heat-resistance 



chemical identity 



56% 0.900 g/cc homo- 
geneous ethylene/al- 
pha-olefin; 

35% 0.86 g/ccEPDM 
elastomer; 

10% 0.923 g/cc LDPE 
anhydride-modified, 
grafted LLDPE 

85% nylon 6; 

15% amorphous nylon 
EVOH 

85% nylon 6; 

1 5% amorphous nylon 

anhydride-modified 
grafted EVA 

nylon 6 



percent of total film 
thickness 



25 



12 

10 

8 
10 

25 
10 



In Figure 8, multilayer film 1-10 comprises: outer sealant layer 112; seal-assist layer 114; tie layer 116; ther- 
moforming and abuse layer 118; tie layer 120; thernrraforming and abuse layer 122; tie layer 124; and, ther- 
moforming, abuse, and heat-resistant layer 126. Preferably, multilayer film 110 has a total thiclcness.of from 
about 0.5 to 15 mils; more preferably. 1 to 10 mils, and still more preferably from about 2 to 8 mils. Preferably, 
outer seaiant^layer 112 is composed of an ionomer resin; preferably, seal-assist layer 114 is composed of a 
substantially homogeneous composition comprising a homogeneous ethylene/alpha-olefin copolymer, a ho- 
mogeneous ethyiene/alpha-olef In copolymer plastomer, and low density polyethylene; preferably, tie layer 116 
Is composed of homogeneous ethylene/alpha-olefin copolymer and anhydride-modified grafted low density 
polyethylene; preferably, thermoforming and abuse layer 118 Is composed of polyamide; preferably, tie layer 
120 is composed of anhydride-grafted ethyleneA^inyl acetate copolymer; preferably, thermoforming and abuse 
layer 122 is composed of polyamide; preferably tie layer 124 is composed of anhydride-nmadified grafted ethy- 
lene/vinyl acetate copolymer; preferably, thermoforming. abuse, and heat-resistant layer 126 is composed of 
"poIyarnideT 



Table VIII provides the structural and compositional characteristics of multilayer film 110. 
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"TABLE VIII 




layer order 


layer name 


layexf unction ^ 


— chemical identity 

f 


percent of total film 
thickness 


5 


1 


second 


seal 


ionomer 


8 


10 


2 


first 


seal-assist 


55% 0.915 g/cc homo- 
geneous ethylene/al- 
pha-olefin; 

35% 0.87 g/cc homo- 
geneous ethylene/al- 
pha-olefin plastomer; 


^ - 27 


is" 








10% 0.923 g/cc LDPE 




20 


3 


seventh 


tie 


80% 0.915 g/cc homo- 
geneous ethylene/al- 
pha olefin copolymer; 
20% anhydride-modi- 
fied LDPE 


1 ^ 






fifth 


thernrioforming 
abuse 


nylon 6 


1 \I 


25 


5 


third 


tie 


anhydride-grafted EVA 


1-1 




6 


sixth 


thernnoforming & < 
abuse 


nylon 6 


* 10 


30 


7 
8 


eighth 
fourth 


tie 

thermofbrming, abuse, 
heat-resistance 


'anhydride-grafted EVA 

copolymer of 85% ny- 
lon 6/ & 15% nylon 66 


12 
10 



35 



40 



45 



In Figure 9, multilayerfilm 128 comprises: outer sealant and food-contact layer 130; seal-assist layer 132; 
tie layer 134; memory layer 136; tie layer 138; and non-contact seal layer 140. Preferably; multilayer film 128** 
has a total thickness of from about 0,5 to 15 mils;-more preferably, 1 to 10 mils, and still more preferably from 
about 2 to 8 mils. Preferably, outer sealant and food-contact layer 1 30 Is composed of an ionomer resin; pr^ 
ferably, seal-assist layer 132 is composed of a substantially homogeneous composition comprising a homo- 
^geneous ethylene/al pha-olefin copolymer and a homogeneous ethyl ene/al pha-olefin copolymer plastomer; 
preferably, tie layer 134 is composed of anhydride-modified grafted linear low density polyethylene; preferably, 
memory layer 1 36 is composed of polyamide; preferably, tie layer 1 38 is composed of anhydride-grafted linear 
low density polyethylene; preferably, non-contact sealant layer 140 is composed of a substantially homoge- 
neous composition comprising a homogeneous ethylene/alpha-olefin copolymer and a honruigeneous ethy- 
lene/al pha-olefin copolymer plastomer. 

Table IX provides the structural and compositional characteristics of multilayerfilm 128. 
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TABLE IX 


layeir order 


lay r name ~ 


layer function 


chemical identity 


percent of total film 
thickness 


1 


first 


seal & food contact 


ionomer 


8 


2 


third 


seal-assist 


ooTto u.y lo g/cc nomo- 
geneous ethylene/al- 
pha-olef in copolymer; 

35% 0.87 g/cc homo- 
geneous ethylene/al- 
pha-olefln ptastomer 


17 


o 


f iffK 

Tu in 


lie 


anhydride-grafted 
LLDPE 


15 


4 


fourth 


memory 


nylon 6 


25 




sixth 


tie 


anhydride-grafted 
LLDPE 


15 


6 


second 


non-contact seal 


65% 0.915 g/cc homo- 
geneous ethytene/al- 
pha-olefin; 


20 








35% 0.87 g/cc homo- 
geneous ethylene/al- 
pha-olef In plastomer 





The films according to the present invention are suited to many different forms of packaging applications, 
such as bags, casings, forming stock (suitable for thermoforming), and lidstock, including both heat-shrinkable 
as well ag^non-heat-shrinkable films for alt of these applications. However, the films illustrated in 

Althoughin general the film and package according to the present invention can be used in the packaging 
of^ny product, the film and package of the present inventton are especially advantageous for the packaging 
of food products, especially food products packaged in: (a) thermoformed webs having a lidstock sealed there- 
to, especially thermoformed packages containing meat products, the package being used in a cook-In appli- 
cation; (b) bags, especially bags used in vacuum packaging; (c) casings, especially casings used to package 
processed meats, such as shirred casings, which c^n optionally also be used In cook-in applications. Among 
the meat products which can be packaged in the films and packages according to the present invention are 
poultry, jsork, beef, lamb, goat, horse, and fish. . 

Figure 10 illustrates one embodiment of a packaged product 142 of the present invention, the product being 
packaged in a casing closed by a pair of clips 144 at each end thereof, with only one being illustrated in Figur 
io. Film 146, used to package the meat product therewithin, can be, for example, multilayer film 128 illustrated 
in Figure 9, discussed in detail above. In Figure 10, the cooked meat product preferably comprises processed 
poultry, processed beef, and/or proc essed pork. , 

Figure 11 illustrates another embodiment'of a packaged product'148raccGrding t^ 
The product, a cooked meat product, is packaged in a heat-sealed, heat-shrinkable bag, within which the meat 
product has been cooked. The package comprises multilayer film 150. In Figure 11. the cooked meat product 
preferably comprises pork, in the form of a boneless ham. 

Figure 12 Illustrates yet another embodiment of a packaged product 1 54, according to the present inven- 
tion. The product a cooked meat product, is packaged in a heat-sealed, thermpformed web having a lidstock 
web sealed thereto, with the meat product being cooked within the sealed thermoformed package. The package 
comprises multilayer film 1 56. which can be, for example, multilayerf ilm 76 illustrated in Figure 6, or multilay r 
film 56 illustrated in Figure 5. both of which are discussed in detail above. In Figure 1 1, the cooked meat product 
comprises poultry.-more specifically, a boneless turkey breast product. 

Figure 13 Illustrates yet another embodiment of a packaged product 158. according to the present inven- 
tion. The product, a cooked meat product (e^g., hot dogs). Is packaged In heat-sealed, thermoformed web 1 60 
having lidstock web 162 sealed thereto. Thermoformed web 160 can be, for example, multilay r film 46 lllu- 



21 



EP 0 686 497 A2 



strated in Figure 4, or multilayer film 56 illustrated in Figure 5, t)oth of which are discussed i&=detail a5bve! ,^ ^ 
Lidstock 162 can be, for example, multilayer film 94 illustrated in Figure 7, or multilayer film 110 illustrated in 
Figure 8,. both of which are discussed in detail above. >^ ^ " ^ 

Figure 14 illustrates a cross-sectional view of packaged product 1 58 of Figure 13, taken through section 
5 14-14 of Figure 14. Figure 14 illustrates lidstock web 162 making up the top of tPTe package, and thermoformed 
web 160 making up the bottom and sides of the package, and seal 164 of thermoformed web 160 to lidstock 
^ web 162, seal 164 being around the top of packaged product 158." ^ ^ 

Figure 15 represents an enlarged cross-sectional view o^a: seal 166 used in the package according to 
the priBsent invention. First film region 168 is sealed to second film region 170 atseal172. Seal 172 is produced 
10 by heating the first film region 1 68 and second film region 170 in order to cause the contacting portions of the 
films to simultaneously melt and flow together. 

Figure 16 represents an enlarged cross-sectional view of a lap-sealed film tube 172. Film 174 is fonned ^ 
into a tube, and lap seal 176 is formed along the length of the tube. Such seats as seal 176 are termed*>"lap 
seals" because the film is lapped over itself, with the outside surface 1 78 of the film being sealed to the inside ^ 
15 surface 1 80 of the film, at tap seal 1 76. ^ ^ * 

Figure 1 7 represents an enlarged cross-sectional view of a package 1 82. such as a cross-section of a vert- " 
ical form fill and seal package, having a first film 184 seated to second film 486 via a pair of fin seals 188. 
Seats such as 188 are termed "fin seals" because, unlike lap seats, they protrude from the package, much as 
the fin of a fish protrudes from its body. As can be seen, both of the fin seals 188 of package 182 are a seat 
20 " of inside surface 1 90 of first film 1 84 to inside surface J92 of sejcond film 1 86. *** 

Figure 1 8 Illustrates a schematic view qJ a process useful in^nakfng films according the present Invention. 
Although for the sake of simplicity only one extruder 194 is Illustrated in Figure 18, there are preferably at least 
two extruders, and more preferably, at least three extruders. That is, preferably at least one extruder, and mor 
preferably two extruders, supply molten polymer to coextrusion die 196 for the formation of, for example, outer j 
25 layers 40 and 44 of the three-layer film illustrated in Figure 3; and at least one additional extruder to sjipply 

molten polymer to coextrusion die 1 96 for the formation of, for example, core layer 42 in the ttiree-layer film ^ - 
illustrated in Figure 3. Each of the extruders is supplied with polymer pellets suitable for the formation of^the^ 
respective layer it is extruding. The extruders subject the polymer pellets to sufficient pressure and heat to ^ 
melt the polymer and thereby prepare it for extrusion through a die. ♦ ^ 

30 Taking extruder 1 94 as an example, each of the extruders is preferably equipped with a screen pafck 198, 

a breaker plate 200, and a plurality of heaters 202, Each of the coextruded film layers is extruded between 
^.mandrel 204 and die 196. and the extrudate is cooled by cool air flowing from air ring 206. The^resutting blown 
bubble 207 is thereafter guided into a collapsed conf iguratiori by hip rolls 208. via guide rolls 210. The collapsed 
tube is optionally passed over treater bar 212. and is thereafter passed over idler rolls 214, and around dancer 
35 roll 216 which imparts tension control to collapsed tube 218. aftef\vhich the collapsed tube wound into roil 
220 via winding mechanism 222. 

Figure 19 illustrates a schematic view of a cast coextrusion process of film manufacture, in which various 
polymericformutatk>nsaresuppliedtoslot-shapeddie224fromaplurality(preferably,from3toJO)^ei3rud ^ 
ers 226. only one of which is illustrated In Figure 7. The number of extruders 226 is at least as great as th 
40 number of different chemical compositions present in the various layers of the mult 1 layer fflm, but can be fe^er* 

than the number of layers of the film in the event-that astream from an extruder is split to form two different ^ 
f ilni layers. Typically, the extruders are single screw extruders which convert polymer granules or pet[^its ijito 
a continuous uniform melt under elevated temperatures and pressure. The molten masses formed within the 
^ various extruders are converged Into a plurality of layers in a stream which is forced into flat laminar flow for 
45 the width of the slot of die 224, and thereafter forced through the slot of die 224, to yieldlhe desired shape. 
After passing through the slot of die 224. melt 228 passesydownward vertically and tangentially contacts chili 
roll 230 which quenches melt 228. forming multilayer filim 232 thereon. Chill roll 230 is highly polished and wa- 
ter-cooled, and rotates with melt 228 at the speed at which melt 228. and film 232, are drawn forward. Film 
232 then leaves the surface of chill roll 230, and thereafter may contact the surface of from one to three sup- w 
50 plemental chill rolls 234 (only one supplemental chill roll 234 is illustrated in Figure 19), which are also waters 
cooled and highly polished, and which further cool multilayer film 232, which thereafter passes over guide rolls 
236 and through the nip of nip rolls 238. Film 232 Is thereafter directed over guide rollSt?4Q,3nd 242. Thereafter.- 
film 232 passes between a nip betw en rubber nip roll 244 and stainless st el nip roll 246, and is then wound " 
up into roll 248 by winder 250. The width of the cast f ilm'web is determined by tt}^ die slot width. The thickness 
55 of film 232 is determined by the relationship between the output of extruder 226 and the takeaway spe d'of 
the film 232. ■ . - 

In Figure 20. substrate film 252. supplied from roll 254. is directed onto chill roll 230 and'coated with molten 
coating 256 passing vertically downward from slot die 224 towards chill roll 230. Coating 256 is cooled by chill 
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roll 230. the heat from coating 256 passing through substrate film 252 and Into chill roll 230, to result in coated 
. substrate 258. Furthermore, if additional downstream chill rolls are present, such as chill roll 234, further cool- 
ing can be effected by direct contact of coating 256 with the smooth surface of the chill roll, i.e., without sub- 
strate film 252 between coating 256 and the chill roil. Subsequent downstream processing of coated substrate 
" 5 258 Is the same as described in Figure 19. 

Figure 21 illustrates yet another process which can be used to make films in accord with the present in- 
vention. The process of Figure 21 is as generally disclosed in U.S. Patent No. 4,287,151, to ESAKOV, et al., 
hereby incorporated by reference thereto, in its entirety. 

In the process illustrated in Figure 21, tubular extrudate 260 was downwardly formed from die 262, the 
10 tubular extrudate enclosing air mandrel 264. At approximately this point in the process, an exterior cooling 
means, in the form of water ring 266, encircles tubular extrudate 260. Water ring 266 in the shape of a circular 
tray, had an opening therethrough, the opening having a diameter slightly larger than that of tubular extrudate 
260. A constant flow of water, at about 50°F, is supplied to water ring 266. The overflow from the water ring 
provided an annular film of water on the outer surface of extrudate 260. The water fell downwardly around the 
15 entire outer periphery of extrudate 260, thereby cooling extrudate 260. The film of water is collected by re- 
ceptacle 268. Water was the preferred cooling medium because its heat capacity and heat transfer character- 
. > ' istics are such as to cool extrudate 260 more rapidly than a chilled gas would have. However, as an alternative 
to water ring 266, a fine spray of cooled water could have been directed against the exterior surface of the 
. extrudate 260. In combination, air mandrel 264 and water ring 266 serve as the means to cool and solidify 
20 extrudate 260. In some instances, depending upon the polymer being extruded and upon the wail thickness 
of extrudate 260, either the interior or exterior cooling could be eliminated, because one cooling means alone 
would be sufficient to solidify the interior tube wall before reaching support plug 270. Once solidified, extrudate 
272 is collapsed by rolls 274. to form a solidified lay flat tubing 276, 

The polymer components used to fabricate multilayer films according to the present invention may also 
25 contain appropriate amounts of other additives normally included in such compositions. These include slip 
agents such as talc, antioxidants, fillers, dyes,, pigments and dyes, radiation stabilizers, antistatic agents, sup- 
plemental elastomers, and the like additives known to those of skHI in the art of packaging films. 

Although the multilayer film of the present invention is preferably not irradiated, optionally the film may 
* be^rradiated. In the irradiation process, the film is subjected the film to an energetic radiation treatment, such 
as corona discharge, plasma, flame, ultraviolet, X-ray, gamma ray, beta ray, and high energy electron tr at- 
ment, which induce cross-linking between molecules of the irradiated material. The irradiatton of polymeric 
films is disclosed in U.S. Patejnt NO. 4,064.296, to BORNSTEIN. et. al.. which is hereby incorporated in its 
entirety, by reference thereto. BORNSTEIN, et, al. discloses the use of ionizing radiation for crosslinking the 
polymer present in the film. 

35 Radiation dosages are referred to herein in terms of the radiation unit "RAD", with one million RADS, also 

known as a megarad, being designated as "MR". A suitable radiation dosage of high energy electrons is in th 
range of up to about 12 MR, more preferably about 2 to about 9 MR, and still more preferably, about 3 MR. 
Preferably, irradiation is carried out by an electron accelerator and the dosage level is determined by standard 
dosimetry methods. 

"40 As used Herein, the phrases "corona treatment" and "corona discharge treatment" refer to subjecting the 

, surfaces of thermoplastic materials, such as polyolef ins, to corona discharge, i.e., the ionization of a gas such 
^ as air in dose proximity to a film sur^ce, the ionization initiated by a high voltage passed through a nearby 
electrode, and causing oxidation and other changes to the film surface. 

Corona treatment of polymeric materials is disclosed in U.S. Patent No. 4.120.716. to BONET, issued Octo- 
45 ber-17.-1978,_herein incor oorafed in its e ntiret y by reference thereto, discloses im proved adherence charac- 
teristics of the surface of polyethylene by corona treatment, to oxidize the polyetliylene surface. UTSrPatent 
No. 4.879.430. to HOFFMAN,*also hereby incorporated in its entirety by reference thereto, discloses the use 
of corona discharge for the treatment of plastic webs for use in meat cook-in packaging, with the corona treat- 
ment of the inside surface of the web to increase the adhesion of the meat to the adhesion of the meat to th 
' 50^ proteinaceous nnaterial. 

Although corona treatment is a preferred treatment of the multilayer film of the present invention, plasma 
treatment of the film may also be used. 

Films such as those illustrated in Figures 4. 5, 6, 7. and 8, are especial suitable for use as forming web 
or lidstock in thermoforming type packaging operations. Regarding films designed for such us , preferably, 
55 the lidstock is a multilayer film comprising th same number of lay rs and relative layer percentages (thick- 
nesses), differing only in that it has a total thickness of about 50% the total thickness of the forming web. 

Both a forming web and a non-forming web can be fed from two separate rolls, with the fonming web be'mg 
fed from a roll mounted n the bed of the machine for forming the package "pocket." i.e., the product cavity. 
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The non-forming (lidstock) web is usually (ed f ^om a top-mount d arbor for completing the airtight top seal of 
the package. Each web has its meat-contact/seatant surface oriented towards the other, so that at the time 
of sealing, the sealant surfaces face one another. The forming web is indexed forward by transport chains, 
and the previously sealed package pulls the upper non-forming web along with the bottom web as the machine 
indexes. ^ 

The first step in the packaging process is the formation of the product ciavity in the forming web. The cavity 
forming is a three-step process: (1 ) index; (2) heat; (3) form. While one cavity i$ being formed, the web for the^ 
next cavity is undergoing preheating before being indexed over the pocket-forming 'dief To accomplish this, 
the forming web is heated from 70°C to 80°C by being pressed against a contact-type heater by means of va- 
cuum. The forming web is then formed by use of compressectair or vacuum, or both. Compressed air pushes 
the heated film into the die cavity from above and, in turn, vacuum pressure pulls the film into shape from 
within the die. A plug is used to assist the movement of the heated film into the die cavity. 

After forming, the transport chains carry the empty pocket to theloading station where the product is either 
hand loaded or pumped into the cavity. The transport chains then carry the loaded product to the vacuum and 
sealing station. 

The sealing process is a series of operations occurring simultaneously or with a slight overlap. Once the 
top film is in place over the filled cavity, the sealing chamber closes. Package air is exhausted between the 
top and bottom films. The upper chamber, or lid, employs a heated seal plate set atfrom ISO^'C tQ.170^, \^hicfi 
bonds tlie non-forming web and the forming web together. . 

The^vacuum in the seal die balances chamber pressures, and ensures that no air is4rapped between the^ 
product and the forming web. The sealing diaphragms,.empty of air, are now filled with compressed air. This 
presses the heated sealing plate against the upper film, compressing the heat-sealable surfaces of^the tvyo 
webs between the sealing plate and the T-rubber sealing gasket. The heat and pressure of the sealing plat 
causes the two surfaces of the films to tjond together, sealing the'product in a vacuum environment. Approx- 
imately 0.4 to 0.5 seconds after sealing ends, th^ upper and lower chambers are vented to the atmosphere, 
causing the top and bottom films to collapse around the product. Now, the sealing diaphragms evacuate and 
the sealing plate moves back up. Outside air rushes into the chambers. When the air pressures are equalized, 
the die bottom can move down, allowing the package to be indexed out of the seal station. 

The sealed package is then separated from the web by way of a contour knife system. The packages are 
conveyed through a hot water (205''F) shrink tunnel. The packages are placed on racks and cooked in auhigh 
humidity oven. The product is then chilled and available for shipping or for further processingrwhiclTmay in- 
volve stripping the package off of the product. ^ ^ 

Themvention is illustrated by the following. examples, which are provided for the purpose of representation, 
and are not to be construed as limiting the scope of the invention. Unless stated otherwise, all percentages, 
parts, etc. are by weight, and all density figures are in g/cc. ^ 

Example 1 / ^ * 

A nine-layer multilayer film was produced in accordance with the process as illustrated in Figure 21 , de- 
scribed above. 

Eight conventional single-screw extruders were employed to melt and pump various resins to a distribution 
block or adapter and then an annular coextrusion die. The EN/OH layer was processed at temperatures of from 
about SSO^'F and 450*F. The LLDPE, homogeneous ethylene/alpha-olein copolymer, elastonrteMnd/or plasto- 
mer were extruded at a temperature of from about400°F to 500°F. The nylon-containing layers were processed^ 
at a temperature of from about 450°F to 550**F. Tie layers, which were anhydride-graf tSa resins, were proc- 
essed at temperatures of from about 420*F to 460*'F, regardless of the composition of the base resin, in order 
that the anhydride functionalities reacted to allow the tie layer to provide the desired compatibility. The melt 
distribution system and die were designed to produce uniform thickness distribution around the circumference 
■ Of the die, for all nine layers. ^ ^, 

The flattened tape 10" was passed through pinch rollers, heate'^J in a hot water bath or by a hot air oven, 
and expanded by inflating the tube with high pressure air in vvhat is well known in the art as the "trapped bubbi 
technique." By this means, a thermoplastic film of desired thickness was produced. The oriented thenmoplastic 
film, in th form of lay flat tubing 10'", which was then cut lengthwise, i.e., along both edg creases, to form 
two separat film sheets, each of which were thereafter wound up onto two substantially identical, but sepa- 
rate, rolls. Thereafter, each of the rolls of film was resized on a slitter, to produce a width and diameterjsuitabid 
for a horiz ntal packaging machin , such as a TIROMAT (TM) thermofonming packaging machine, MULTIVAC 
(TM) themoforming packaging machine, PIONEER (TM) th rmoforming packaging machine, or MAHAFFEY* 
HARDER (TM) thermoforming packaging machine. The film was us d primarily as th forming film of the ma- 
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chine, but it could also be used as a non-forming filnn. 

The film was suitable for the packaging of food products such as fresh and processed poultry, fresh and 
processed red meat, fresh and processed fish, and fresh and processed pork, cheese; more particularly, hot 
dogs, bacon, summer sausage, block cheese, and cheese sticks. The foods packaged in the film could be pre- 

5 cooked, marinated, preseasoned, breaded, etc. 

The film was suitable for use as a forming film and/or a non-forming film for cook-in applications. where 
the sealant layer is corona or irradiation treated so as to provide meat adhesion to the protein extracted meat 
emulsion mixture typical of cooled ham, turkey breast, and otherfurther processed meat products. 

In a corona treated state of from about 36 to 60 dyne/cm sec. the oxidized surface of the film increases 

10 the compatibility of the surface sealant layer, so as to proyide even greater seal strength between the surface 
layer blend and sealants which are generally recognized as being incompatible with ionomer resins, such as 
SURLYN 1601 (TM) ionomer resin, SURLYN 1705 (TM) ionomer resin, and SURLYN 1650 (TM) ionomer resin. 
Because the outer heiat-resistant fomning layer is composed of polypropylene homopolymer. the treated outer 
sealant layer does not cause excessive blocking to occur. 

15 Table V-B, above, provides^the structural and compositional characteristics of the nine-layer film produced 

as described above. In Table V-B, the numerals Indicating the "layer order" correspond with the position of the 
layers relative to one another, with layer 1 being the inside layer of the tube, and layer 6 being the outside 
layer of the tube. Layer 2 is in direct contact with layers 1 and 3, layer 3 in direct contact with layers 2-and 4. 
and so on. In. contrast, the "layer name" designates the various, layers as "first", "second", etc., these layer 

20 names corresponding with the detailed description of the respective Figures, as discussed above, and the 
names of the layers recited In the claims, as set forth below. 

Three f Urns were produced in accord with Example 1. the films differing only in total thickness (same rel- 
ative proportion to each layer), the total thicknesses being about 2.5 mils, about 3 mils, and about 3.5 mils. 
- The various resins in the layers were as follows: Layer #1 is a blend of (a) 65 weight percent EXACX 3027 

^25 (TM) honwgeneous ethylene/alpha-olef in 0.900 g/cc resin, obtained from the Exxon Chemical Company, of 
Baytpwn.. Texas, and (b) 35 weight percent TAFMER PQ 480 (TM) 0.87 g/cc homogeneous ethyiene/alpha- 
olef in copoiymer plastomer resin, produced by Mitsui Sekka, of Japan, and obtainable from the Mitsui Petro- 
chemicals (Amertea). Ltd.. of N.Y, N.Y. Layer #2 was a blend of (a) 55% ECD 301 (TM) 0,91 5 g/cc homogeneous 
ethylene/alpha-olef in copolymer resin, also obtained froifh the Exxon Chemical Company, (b) 35 weight percent 

30 TAFMER PO 480 (TM) homogeneous ethylene/alpha-olef in copolymer plastomer resin, and (c) 1 0.^vyeight per- 
cent LD 200.48 (TM) LDPE resin, also obtained from the Exxon Chemical Company. Layer #3 and Layer #7 
were each TYMOR 1203 (TM) LLDPE-based anhydride grafted copolymer, obtained from Morton International 
Inc.. of Chicago. Illinois. Layer #4 and Layer #6 were each a blend of (a) 85 weight percent ULTRAMID B35 
(TM) polyamide resin, obtained from BASF Corporation of Charlotte, N.C.. and (b) 1 6 vveight percent GRIVORY 
^ 35 G 21 (TM) ariiorphous polyamide resin, obtained from EMS-American Grilon, Inc. of Sumter, South Carolina. 
Layer #5 was SOARNOL E/T (TM) polymerbied ethylene vinyl alcohol copolymer resin (saponified ethylene 

* vinyl acetate copolymer) produced by Nippon Gohsei, and obtained from Morton International Specialty Chenrv- 
ical Company, of Chicago. Illinois. Layer #8 was ESCORENE PD 9012 (TM) (heterogeneous) propylene/ethy- 
lene copolymer resin, also obtained from the Exxon Chemical Company. Layer #9 was ESCORENE PD 3445 

40 (TM) (heterogeneous) polypropylene homopolymer. also obtained from Exxon Chemical Company. 

Example 2 < - --^^ 

A nine-layer film was produced in a manner substantially as described in Example 1 . except that the iono- 

~45 mer was processed at a temperature of from about-400?E_to_50Q^ 

Table VI. above, provides the structural and compositional characteristics of the nine-layer film produced^ 
in this Example. 

The film of Table VI. i;e.. according to Example 2. had a total thickness of about 2 to 4 mils. The various 
resins in the layers were as follows: Layer #1 was SURLYN 1650 (TM) ethylene methacrylic acid copolymer 
so resin, wherein the acid had been partially neutralized with a zinc base, such as zinc acetate. The SURLYN 
1 650 (TM) ethylene methacrylic acid copolymer resin was obtained from E.I. DuPont de Nemours, of Wilming- 
ton, Delaware. Layers #2, #3, #4. #5. #6. and #7 had the same chemical composition as the same-numbered 
layers of the nine-layer film of Example 1 . However. Layer #8 was BYNEL CXA 3095 (TM) anhydride graft co- 
polymer of an ethylene vinyl acetate copolymer resin, obtained from E.I. DuPont de Nemours. Layer #9 was 
55 ULTRAMID B35 polyamide resin, btained from BASF Corporation of Charlotte. North Carolina. 

After exiting the die, the film was processed as described in Example 1, above. The film of this Example 
can be used to package products, esp cially the food products as described in Example 1 . 

The film of this Example used a relatively thin (0.2 mils) SURLYN (TM) ionomer "cap layer", and hence is 
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compatible with, i.e., readily sealable to, other films having an outer ionorher layer. Hojwever, before the instant* 
invention it has been believ d by those of skill in the art that sealant layers must comprise sufficient thickness 
so as to provide adequate material to flow around surfac contamination such as oils, fats, and particulate 
matter, and surface imperfections in the exterior surface of the opposing sealing layer. If sufficient materiails 
5 not present, seals through the contaminated area are frequently too weak to survive abuse and stresses during 
commercial distribution of the product packaged in the film. 

The film of Example 2 utilized, in its "seal-assist layer;;., i.e.. layer #2. almost the same blend used in th 
seal layer, i.e., layer #1. in the film of Example 1. In the film of Example 2. the seal-assist layer provided over 
70 percent of the required thickness needed for sealability through contamination. 
10 Furthermore, the film of Example 2, because of its outer nylon heat-resistant and abuse-resistant layer, 

i.e. Layer #9. could be used equally well as both a thenmoforming and non-thermoforming film, on suchj^hlgh 
speed packaging machines used in the high speed packaging of. for example, hot dogs. ^ 

Finally, because the film of Example 2 utilizes a zinc SURLYN (TM) ionomer resin sealant layer, it car^be^ 
used forcook-in meat applications, with or without the addition of corona or irradiation treatment (i.e., oxidation) 
15 of the sealant layer. / . 

rat 

Example 3 ' ^ 

The films produced In Examples 1 and 2 can be produced by the cast film process illustrated in Figure 7. 

20 Six conventional single-screw extruders areT employed to melt and pump the various resins through the injec- 
tion block or manifold slot die system. The EVA-containing and EVOH-containing layers are extruded at a tenrv 
perature of from about 350**F to 450'='F. and the LLDPE-contalning layers are extruded at atemperature of from 
about 400°F to 500*'F. The nylon-containing layers are extruded at 450*'F to SSC^F. The melt system and die 
are designed with flow channels to produce uniform distribution, across the width of the die. for^all TJayers. 

25 upon extrusion, the molten 7-layer web drops onto a water cooled chill roll having a temperature controlled 

to 40'*F to^B^F, which quickly brings the molten web to room temperature, or below roonrtemperature, so fhat"^ 
crystallization is minimized. This roll has internal spirally wound channels that direct the water flow beneath 
the outer shell to provide good heat transfer characteristics. The web is "pinned*4o the chill roll with an air kriif^ 
or electrostatic pinning device commonly used in cast film production. 

30 The completed cast web is then wound into a roll and later resized to a width suitable for a horizontal pack- 

aging machine, such as a Multivac thermoforming packaging machine. The roll of film is used as the forming 
web in the thermoforming packaging machine..- 
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A seven-layer film is produced by an upward blown coextrusion process, in which seven conventtonah^in-? 
gle-screw extruders are used to deliver melt and pump various polymer resins to a distributton manifold or 
adapter, which subsequently flows into distribution channels within an annular die. ^ ^ ^ 
Figuire 3 illustrates a schematic view of a process for making the seven-layer film in accordance with th 

40 present invention. Although for the sake of simplicity only one extruder 20 is illustrated in Figure 3. there are 
preferably at least 2 extruders, and more preferably, at least three extruders. That is, preferably at least o'Sb 
extruder, and more preferably two extruders, supply nrraiten polymer to coextrusion die 21 for the formation 

^ ""of, for example, outer layers 11 and 13 as illustrated In Figure 1 ^ncj.at least one additional extruder supplied 
molten polynr>er to coextrusion die 21 for the formation of. .for example, core layer 12 as illustrated in Figure 

45 1 . Each of the extruders is supplied with polymer pellets suitable for the formation of tlie respective layer it is 
extruding. The extruders subject the polymer pellets to sufficient pressure and heat to melt the polymer and 
thereby prepare it for extrusion through a die. 

Taking extruder 20 as an example, each of the extruders is preferably equipped with a screen pack 22, ^ 
breaker plate 23. and a plurality of heaters 24. Each of the coextruded film layers is extruded between-mandrel < 

50 25 and die 21, and the extrudate is cooled by cool^air flowing from air ring 26. The resulting blown bubble is^ 
thereafter guided into a collapsed configuration by nip rolls 29, via guide rolls 28. the &llapsed tube is^p- 
tionally passed over treater bar 30, and is thereafter pass d over idl r rolls 3 1 , and around dancer roll 32 which 
imparts tension control to collapsed tube 33, after which the^collapsed tube is wound into roll 34 via winding 
mechanism 35. 

55^ Table VII, above, describes the s ven-layer blown, cb xtruded film produced according to this Example. 
This seven-layer film is useful in substantially th same applications as described^ for the films of Examples 
1 and 2. In th film of Tab! VII. produced according to this Example, the following is the identity of the various 
resins used in each of th seven layers. Layer #1 is a blend of: (a) 65 weight percent EXACT 3027 (TM) ho- 
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mogeneous ethylene/alpha-olef in 0.900 g/cc resirf; obtain d from the Exxon Chemical Company, of Baytown, 
Texas, and (b) 35 weight percent Vistalon (TM) ethylene-propylene-diene terpolymer resin ("EPDM", also 
known as ethylene- propylene rubber), also obtainable from the Exxon Chemical Company. Layer #2 is BYNEL 
CXA4125^(TM) anhydride-grafted LLDPE resin, obtainable from E.L Dupont .de Nemours, of Wilmington, Del- 

5 aware. Layer #3 and Layer #5 are each a blend of (a) 80 weight percent CAPRON 1539 (TM) polyamide resin, 
obtainable from the Allied Signal Inc., of Morristown, Mew Jersey, and (b) 20 weight percent SELAR PA 3426 
(TM) amorphous polyamide, also obtainable from E.I. DuPontde Nemours. Layer #4 isEVALEIOI (TM) ethy- 
lene vinyl alcohol copolymer resin. i.e., a 38 mole percent ethylene/vinyl alcohol copolymer, which is produced 
and distributed by the Eval Co .-of America, of Lisle. Illinois. Layer #6 is PLEXAR 107 (TM) anhydride modified 

10 EVA resin, obtainable from Quantum Chiemical Company, of Pittsburgh, Pennsylvania. Layer #7 is CAPRON 
8207 (TM) polyamide resin, also obtainable from the Allied Signal Inc. 

Example 5 

15 An eight-layer film is produced by an upward-blown coextrusion process, in the manner as set forth in Ex- 

ample 4. Jable VIII, above, provides the physical and chemical characteristics of this film. In the film produced 
according to this example, as set forth in Table VIII, above, the individual film layers were composed of the 
' following specified polymers. L^yer #1 is SURLYN 1601 (TM) ionomer resin, obtainable from E.I. DuPont de 
Nemours. Layer #2 is a blend of: (a) 55 weight percent ECD 301 (TM) 0.915 g/cc homogeneous ethylene/alpha- 

20 olefin resin, obtainable from the Exxon Chemical Company, (b) 35 weight percent EXACT SLP 9042 (TM) ho- 
mogeneous ethytene/alpha-olef In copolymer resin, also obtainable from the Exxon Chemical Company, and 
(c) 10 weight percent PETROTHENE NA345 (TM) 0.§23 LDPE resin, obtained from the Quantum Chemical 
Company. Layer #3 Is a blend^of 80 weight percent ECD 301 (TM) 0.915 g/cc homogeneous ethylene/alpha- 
olef in resin, obtained from the Exxon Chemical Company, and 20 weight percent TYMOR 1N05 (TM)anhydride 

25 grafted LDPE resin, obtained from the Morton International. Inc., of Chicago, Illinois. Layers #4 and #6 are 
ULTRAMPD KR 4418 (TM) polyamidfe resin, obtained from BASF, of Parsippany, N.J. Layers #5 and #7 are 
BYNEL CXA 3048 (TM) anhydride grafted EVAresin. obtained from E.l. DuPont de Nemours. Layer#8 is UBE 
5033B (TM) polyamide resin, obtained from UBE Industries (America) Inc.. of New York, N.Y., and distributed 
by NIchimen America, Inc., of N.Y., N.Y, 

30 . > . 

" Example 6 

Using an adhesive, a three-layer film is laminated to a PVDC coated, biaxially-oriented heat-set polyester 
film. The three-layer, upwardly-blown coextruded film is produced according to Example 4, using three single- 
35 screw extru'clers. Otherwise, the process was carfied*out in a manner analogous to the process described 



abo\^e in Example 4. * '""^ 

Table X provides the structure ahd chemcial characteristics of the three-layer film. 





TABLE X 
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Ionomer 

-70%^0.900 a/cc homo- 
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first 
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geneous Et/alpha-de- 
fin; 
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30% 0.88 g/cc homo- 
geneous ptastomer 








3 


third 


bulk 


80% 0.920 LLDPE; 
20% 0.923 LDPE 


60 





Layer #1 is SURLYN 1705 (TM) ionomer resin, obtainable from E.I. DuPont de Nemours. Layer #2 is a 
blend of (a) 70 weight percent AFFINITY PM 1870 (TM) homogeneous ethylene/alpha-olef in copolymer resin, 
obtainable from the Dow Chemical Company, and (b) 30 w ight percent TAFMER PO 480 (TM) 0.87 g/cc ho- 
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mogeneous ethylene/alpha-olef in copolymer plastomer resin, produced by Mitsui Sekka, of Japan, and obtain- 
able from the Mitsui Petrochemicals (America), Ltd:, of N.Y., N.Y. Layer #3 is a bl nd of (a) 80 weight p rcent 
DOWLEX 2045 (TM) homogeneous ethylene/alpha-olef in copolymer resin, obtainable from the Dow Chemical 
Company, and (b) 20 weight percent ESCORENE LD 200.48 (TM) 0.923 g/cc polyethylene homopolymer resin, 
obtainable from the Exxon Chemical Company. ^ ^ ^ 

The blown, coextruded film had a total thickness of about 2 mils. The blown, coextruded film was then 
adhesively laminated to a second film, resulting in a laminate. The second film was composed of MYLAR 1^144* 
(TM) PVDC-coated, biaxially-oriented, polyethylene terephthalate film, obtainable from EJ. DuPont de Ne- 
mours. The urethane adhesive used is ADCOTE 545-E (TM) polyurethane adhesive, obtainable from,Monton 
International, Inc., of Chicago, Illinois. The resulting laminate' has the cross-sectional structure: 



oriented oolve thvlene teret>ht:halate, 0.48 mils 

PVDC coating, 0.08 ^ils 

Urethane Adhesive, 0.12 milis 



Blend of LLDPE and LDPE^ 1.2 mils 

blend of homogeneous ethylene/alpha-olef in 

copolymer plastomer: 0.60 mils 

ionomer-, 0.2 0 mils 



The film of Example 6 is suitable for both thermoforming applications as well as non-thermoforming ap- 
plications; for horizontal packaging machines where theJ[onming film utilizes a sealing layer of an ionomer or 
""a blend of homogeneous ethylene/alpha-olef in copolymer with^iastomer. The film of Example 6 can be used 
to package products in a manner as describedjor the^f ilms=of Examples 1 and 2. 

Forming films can be produced by the method of Example 6^j.e:, adhesive laminating by replacing the 
oriented, heat-set polyester film with a non-oriented, cast nylon film (typically at 2 mils and 4 mils thick) which 
can optionally be PVDC coated, in order to provide an O2 barrier. Typical of the coated laminating films which 
may be so used are; (a) DARTEK B 601 (TM) PVDC coated cast polyamide film, distributed by E.I. DuPont d§ 
Nemours, of Wilmington, Delaware, and (b) CAPRAN 77 DFK (TM) PVDC-coated, cast polyamide-f i I mT ob- 
tainable from the Allied Signal Inc. ^ 

Example 7 

Using an adhesive, a three-layer film is laminated to a PVDC coated, biaxially-oriented heat set polyester 
^film. The three-layer, upwardly-blown coextruded film is produced according to Example 4,.except that th 
process uses three single-screw extruders. - . . • ^ ' 

Table III, above, together with the accoTrnpanyirig descnption^of Figure 3, provides the structure and chem- 
clal composition of the three-layer film of Example .7. In the film as illustrated in Table III but being produced 
specifically in accord with this Example, Layer #1 is SURLYN 1705 (TM) ionomer resin, obtainable from E.L 
DuPont de Nemours. Layer #2 is a blend of (a) 70 weight percent AFFINITY PM 1870 (TM) homogeneous ethy- 
lene/alpha-olef in copolymer resin, obtainable from the Dow Chemical Company, and (b) 30 weight petcent 
TAFMER PO 480 (TM) 0.87 g/cc homogeneous ethylene/alpha-olef in copolymer plastomer resin, produced by 
Mitsui Sekka, of Japan, and obtainable from the MUsui Petrochemicals (America), Ltd.,ef N.Y., N.Y. Layer#3* 
is a blend of (a) 80 weight percent DOWLEX 2045 (TM) homogeneous ethylene/alpha-olef in copolymer resin, 
obtainable from the Dow Chemical Ckjmpany, and (b) 20 weight percent ESCORENE LD 200.48 (Tl\^) 0.|23 
g/cc polyethylene homopolymer resin, obtainable from the Exxon Chemical Company. 

The blown, coextruded film illustrated in Figure 3 had a total thickness of about 3 mils. The blown, coex- 
truded film was then adhesively laminated to a second film, resulting in a laminate. The second film was com- 
posed of MYLAR M44 (TM) PVDC-coated,. biaxially-oriented; polyethylene terephthalate film, obtainable from 
E.L DuPont de Nemours. The urethane adhesive used is ADCOTE 545-E (TM) polyurethane adhesive. The 
r suiting laminate has the cross-sectional structure: 
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oriented polyethylene terephthalate . 0.48 mils 

PVDC coating. 0.08 mils 

Urethane Adhesive, 0.12' mils 

^ Blend of IXDPE and LDPE, 2,19 mils 

blend of homogeneous ethylene/alpha-olef in 

: copolymer^ O.'SO mils 

ioaomer> 0.21 mils ' 

10 ' " ■ 

The film of Example 7 Is suitable for both thermoforming applications as well as non-thermofonning ap- 
plications; for horizontal packaging machines where the forming film utilizes a sealing layer of an ionomer or 
a blend of homogeneous ethylene/aipha-olef in copolymer with elastomer. The film of Example 7 can be used 
16 to package products in a manner as described for the films of Examples 1 and 2. 

Although the film of Example 7 is very similar to the film of Example 8, the film of Example 8 has the ad- 
vantage of further reducing the thickness of the ionomer outer sealant layer relative to the total film thickness 
when compared to the film of Exarnple 6. 

20 Example 8 
—— 

A casing, used to package processed meat products, such as cooked ham. turkey rolls, sausage, bologna, 
etc.. is produced using a 3 mil (total thickness) upwardlyrblown, coextruded multilayer film, the multilayer film 
being pnDduced in a manner as set forth in Example 4. except that a total of from 4 to 6 single-screw extruders 

25 - can-be used in the process. 

Table IX. above, provides the physical and chemical characteristics of this multilayer film. More particu- 
larly, in the multilayer film produced according to this Example as generally illustrated and described in Figure 
9 and Table IX, each of the layers is composed of the following specific polymers. Layer #1 is SURLYN 1 650 
(TM) ionomer resin, obtainable from E.t. DuPont de Nemours. Each of Layers #2 and #8 are a blend of: (a) 65 

30 weight percent ECD 301 (TM) 0.915 g/cc ethylene/alpha-olefin copolymer resin, obtainable from the Exxon 
Chemical Company; and. (b) 35 weVght percent TAFMER P0480 (TM) 0.87 g/cc homogeneous ethylene/alpha- 
olefin copolymer pi astomer resin, produced by Mitsui Sekka, of Japan, and obtainable from the Mitsui Petro- 
chemicals (America), Ltd.. of N.Y., N.Y. Layers #3 and #5 are TYMOR 1203 (TM) anhydride modified grafted 
linear low density polyethylene resin, obtainable from Morton International Specialty Chemical Company, of 

35 Chicago, Illinois. Layer #4 is ULTRAMID B36 (TM) polyamide resin, obtainable from BASF Corporation. 

Although the six-layer film which can be produced according to Example 8 is suitable to a variety of end 
uses, the six-layer film of Example 8 is especially suited to use in the packaging of processed meat, especially 
meat emulsions and sausage, which is frequently packaged in a shirred casing, as is known to those of skill 
in the art. For example. U.S. Patent No. 4.044.426, to Kupcikevicius. et. al., which is hereby incorporated by 

40 reference thereto, in its entirety, describes apparatus and method for stuff ing viscous food products into a 
shirred tubular casing article. Numerous other documents descrit>e shirred casings, processes for their use. 
and packaged products using same, including: UrS. Patent No. 3,563,768, to WILMSEN; U.S. Patent No. 
3.798.302. to KOSTNER. eL al:; and U.S. Patent No. 4,558,488. to MARTINEK, each of which is hereby incor- 
porated by reference thereto, in its entirety. 

"45 A naaing is produced from the-above-desg-ibed six-la ver film according to Example 8, by pr ocessing re- 
sized sheeting to allow for the required casing circumference and lap seal (side of the film) overlap. By:h"eat^ 
sealing the film to itself, a tube is produced, which can be shirred and later stuffed with a processed meat emul- 
sion. The interior surface of the tube is the ionomer-containing layer, i.e.. Layer as designated in the table 
immediately above. 

50 Ionomer is known to provide nr^at-adhesion for cook-in products such as ham emulsion, turkey emulsion, 
and chicken emulsion, which are used in the production of. for example, the respective products of cooked 
ham and pressed ham. turkey roll and chicken roll, and luncheon meats. 

A shirred casing strand is inserted onto a stuffing horn, with the sealed or dipped end at the exit orifice 
of the stuffing horn. Th casing is fed through a brake hole through which the meat mixture is then pumped. 
55 This mechanism allows the meat mixture to be pumped into the casing at a controlled pressure (i. ., the hy- 
drostatic pr ssure developed by the elastic memory of the stretched casing). 

Additionally, a homogeneous ethylene/alpha-olefin copolymer, such as EXACT 3027 (TM) homogeneous 
ethylene/alpha-olefin copolymer, obtainable from the Exxon Chemical Company, can be used alone in Layer 
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10 



15 



#6. and still provide sufficient seal strength to survive shirring, stuffing with meat product, and cook-in. The 
reduced seal strength relative to the use of ionomer as the outer sealing layerXi>e., a seal strehgth reduction 
of from about 8 to 10 ib/in, to about 4 to 6 Ibs/iri) may allow the product handlers the advantage of removing 
the casing by peeling the casing open at the lap seal, rather than cutting the casing open with knives and/or 
scissors. 

Figures 22-29, together with TABLE Xirprovide comparative results illustrating the performance charac- 
teristics of seals produced according to the present invention In comparison with seals using films not in ac- 
cordance with the present invention. The comparative results Indicate that seats made according to the present 
invention can be as substantially as strong as ionomer to fonomer seals of films not In accordance with the 
present Invention. ^ ^ , ^ 

However, some of the comparative results indicate a less than optimal sealing performance of seals pro- 
duced according to the present invention. It Is believed that this less than optimal performance could be im- 
proved upon by merely increasing the level of the second component in the composition. 

Excellent sealing results are apparent, for example, in Figures 27. 28, and 29, in which a multilayer film 
having a thin, 1 00% ionomer outer sealant layer backed up by a relatively thick layer comprising the compo- 
. sition comprising the first and second components, was sealed to a film having a 100% ionomer outer sealant 
layer. --^ - 
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Although the present invention has been described with reference to particular means, materials, and em- 
bodim nts, it should be noted that the invention is not to be limited to the particulars disclosed, and extends 
to all equivalents within the scope of the claims. 

5 j.-^ 

Claims 

1. A sealed package comprising a seal between a first region of a first outer film layer and a second region 
of a second outer film layer, the first outer film layer comprising two components: 

io (A) as a first component, a polyethylene homopolymer, ethylene/a-olef in copolymer, ethylene vinyl 

acetate copolymer and/or ethylene/acrylate co^lymer; 

(B) as a second component, etastomi^r, plastomer, and/or carboxyl-modified polyethylene; and 
wherein the second outer film layer comprises ipnomer, ethylene/acid copolymer, ethylene/vinyl acetate 
copolymer and/or ethylene/acrylate copolymer, or the second outer film layer comprises first and second 
15 components as defined for the first outer film layer, the second outer film layer being the same as or dif- 

ferent from the first outer film layer. 

2. A package according to claim 1 , wherein the first component comprises a first ethylene/a-olef in copolymer 
. and the second component comprises a second ethylene/a-olef in copolymer plastomer, the difference 

^^'20 between the Vicat softening points of the two ethylene/a-olef in copolymer being from 1 to 100°C. 

3. A package according to claim 2, wherein the difference between the Vicat softening points is from 20**C 
to 60**C. 

25 4. A package according to any one of the jsreceding claims, wherein the second outer layer comprises k>no- 
mer. ^ " 

/ 5. A package according to any one of the preceding claims, wherein the first component comprises ethy- 
lene/a-olef in copolymer having a density of from 0.88 g/cc to 0.93 g/cc, and the second component com- 
30 pris6~s aft elastomer, plastomer having a density of from 0.86 to 0.879 g/cc, ionomer. and/or carboxyl-modi- 

^ f ied polyethylene. 

6. A package according to claim 5. wherein: , 

the first component comprises a homogeneous ethylene/a-olef in copolymer having a density of 
35 from 0.88 to 0.92 g/cc; ^ 

the second component coiriprises a homogeneous ethylene/a-olef in copolymer, plastomer having 
a density of from 0.86 to. 0.879 g/cc; and ^ 

' the second outer layer comprises ionomer. 

40- 7. A package according to claim 8. wherein in the first component the homogeneous ethylene/a-olef in co- 
polymer has a density of from 0.90 to 0.915 g/cc. 

8. A package according to any one of the preceding claims, wherein the first outer layer comprises from 5 
to 95 weight % of the first component and from 95 to 5 weight % of the second component 

45 

9: A package according to daim^87whereirrthe^firet^ter layer comprises from 50 to 75 weight %-of thetirst- 
component and from 50 to 25 weight % of the second component. 

10. A package according to claim 1 , wherein the first outer film layer comprises an ethylene/vinyl acetate co- 
50 polymer having a vinyl acetate content of from 1% to 26% and/or an ethylene/acrylate copolymer. 

11. A package according to daim 10. wherein the first outer layer comprises from 20 to 70 weight % of the 
first component and from 80 to 30 weight % of the second component. 

55 12. A sealed package comprising a seal between a first region of a first outer film layer and a second region 
^ of a second outer film layer, wherein the first outer film layer comprises a homogenous ethylene/a-olef in 
copolymer, and the second outer film layer comprises ionomer. ethylene/acid copolymer and/or carboxyl- 
modified polyethylene, and the seal has a strength of at least 0.35 N/mm (2 lb/in). 
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1 3. A packiage according to claim 1 2, wherein the homogenous etFiylene/a-olef In copolymer has a density of 
from 0.86 to 0.93 g/cc. 

14. A package according to claim 13, wherein the homogenous ethylene a-olefin copolymer<^as a density 
from 0.86 to 0.905 g/cc. 

1 5- A jjackage according to any one of the preceding claims, wherein the seal has a strength of from 0.52 to 
1.75 N/mm (3 to 10 lb/in). * - ; ^ ^' ^ 

1 6. A package according to any one of the preceding claims; wherein the first outer film layer^is In a first mul- 
tilayer film, " 

17. A package according to any one of the preceding claims, wherein the second outer film layer is in a second 
multilayer film. 

1 8. A package according to any one of the preceding claims, wherein the first outer film layerjias a^seaf ini^ 
tiation temperature of from 79 to 149**C(175°C to 300°F). 

19. A package according to claim 1 8 wherein the first outer film layer has a seal initiation temperature of from 
. 79to93**C(175^C to200*»F). " ^ ^ J ^ 

20. A multilayer film comprising: v - ^ 

an outer sealant layer comprising ionomer, carboxyl=modif led polyethylene, and/or ethylene/acid 
copolymer, the outer layer having a tblckaess of f ronry-1 to 20%, based on the*tofel thickness of the mul- 
tilayer film; and ' * ^ 

a core seal-assist layer comprising: 

(A) as a first component, polyethylene homopolyrner, ethylene/a-olefin copolymer; ethylene/vinyl acet- 
ate copolymer, and/or ethylene/acrylate copolymer; and ^ » 

(B) as a second component, elastomer, plastomer. ionomer, and/or carboxyl-modlf led prolyetRylene. 

21. Afihn according to claim 20, wherein the first component comprises a first ethylene/a-olefin copolymer 
and the second component comprises a sepond ethylene/a-olefin copolymer plastomer, the difference 
between the Vicat softening points of the two ethyiene/a-olefin copolymer being from 1**C to 100**C.*" 

22. A film according to claim 21, wherein the difference between the Vicat softening pointsHs from 20**C to 
50°C. 

23. Af ilm according to claim 20, 21 or 22 wherein the first component comprises isthylehe/a-olef in copolymer 
having a density of from 0.88 g/cc to 0.93 g/cc, and the second component comprises an elastomer, plas- 
tomer having a density of from about 0.86 to 0.879 g/cc. ionomer. and/or carboxyl-modif ied polyethylene. 

24. A film according to claim 23 wherein: 

ttie first component comprises a homogeneous ethyl ene/a-olef In copolymer'having a density" of* 
from 0.88 to 0.92 g/cc; ^ - 

the second component comprises a homogeneous ethylene/a-olefm copolymer, plastomer having 
a density of from 0.86 to 0.879 g/cc; and - 

the second outer layer comprises Ionomer. ^ " 

25. A film according to any one of claims-20 to 24. wherein the outer sealant layer has a thickness of from 5 
to 15%, and the core seal-assist layer has a thickness of from-10 to 95%, based on the total thickness of 
the multilayer film. 

26. A film according to claim 25. wherein the outer sealant layer has a thickness of from 6 to 8%, and^the 
core seal-assist lay r has a thickness of f rohn 20 to 30%, based on the total thickness ofthe nruiltilayer 
f'lni. . — •* 

27. A film according to any one of claims 20 to 26, wherein the outer sealant iay r comprises ionomer. ^ 
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28. A film according to any one of claims 20 to 27, wlierein the seal-assist layer comprises from 50 to 75 weight 
% of the first component and from 50 to 25 weight % of the second component 

29. A film according to any one of claims 20 to 28, wherein the core seal-assist layer has a seal initiation tenrv- 
perature of from 70 to 149°C (1 75°C to 300° F). 

30. A film comprising an outer layer comprising: 

as a first component, polyethylene homopolymer, ethylene/a-olef in copolymer, ethylene/vinyl acet- 
ate copolymer, and/or ethylene/acrylate copolymer; and 

as a second component, elastomer, plastomer and/or carboxyl-modif led polyethylene. 

31. A film according to claim 30, which is a monolayer film. 

32. Af ilm according to claim 30, which is a multilayerf ilm, and comprises a first outer sealant layer as defined 
in claim 30; 

a second oxygen barrier layer; 

a third tie layer between the second layer and the first layer; 

a fourth thermoforming, abuse, and ultraviolet-protection layer between the second layer and the 
third layer; • 
a fifth thermoforming, abuse, and heat-resistant outer layer, 

a sixth layer, thermoforming. abuse, and ultraviolet-protection layer between the fifth layer and the 
second layer; and 

a seventh tie layer between the fifth layer and the sixth layer. 

33. A multilayer film comprising: 

a first outer sealant layer, comprising a first composition which comprises: 
. (A) as a first component, polyethylene homopolymer, ethylene/a-olef in copolymer, ethylene/vinyl acet- 
ate copolymer, and/or ethylene/acrylate copolymer; and 

(B) as a second component, elastomer, plastomer, and/or carboxyl-modified polyethylene; and 
a second layer, comprising a second composition, which comprises: 

(C) as a third component, polyethylene honrK> polymer, ethylene/a-oief in copolymer, ethylene/vinyl acet- 
ate copolymer, and/or ethylene/acrylate copolymer; and 

(D) as a fourth component, elastomer, plastomer, ionomer, and/or carboxyl-modified polyethylene; 
wherein the first and second compositions are different. 

34. Af ilm aojording to claim 33, further comprising a third layer, which is an outer bulk layer, which comprises 
low density polyethylene, linear low density polyethylene, polypropylene copolymer, and/or ethylene/vinyl 
acetate copolymer, the second layer being between the first layer and the third layer. 

35. Af ilm according to claim 34, wherein the third layer comprises low density polyethylene and linear low 
density polyethylene; ^ 

36. A film according to claim 33, wherein the film further comprises: 

a third layer, the third layer being an oxygen barrier layer, the second layer being between the first 

layer-and_the_third laven " . ' 

a fourth layer, the fourth layer being a thermofonming and abuse layer, the fourth layer belng be^ 
tween the second layer and the third layer; 

a fifth layer, the fifth layer being a thermofonming and abuse layer 

a sixth layer, the sixth layer being a tie layer, the sixth layer being between the second layer and 
the fourth layer; 

a seventh layer, the seventh layer being an outer layer and being a heat-resistant and thermofornrv 
ing layer, the fifth layer being between the third layer and the seventh layen 

an ighth layer, the eighth layer being a tie layer, the eighth layer being between the fifth layer 
and the seventh layer; and 

an ninth layer, the ninth lay r being a thermofonming and abus layer, the ninth lay r being betw en 
the seventh layer and the eighth layer. 

37. A multilayer film, comprising: 
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(A) a first seal-assist layer, comprising a first composition, which comprises: 

(i) as a first component polyethylen homopolymer. ethylene/a-olefin copolymer, ethylepe/vioyi 
acetate copolymer, and/or ethylene/acrylate copolymer; and 

(ii) as a second component, elastomer, plastomer, lonomer, and/or carboxylrmodif ied polyethylene; 
and 

(B) a second outer sealant layer, comprising iononier. ethylene/acid copolymer, and/or carboxyl-modi- 
fied polyethylene. -.^ 

38. A film according to claim 37, further comprising a third layer, which is a bulk outer layer comprising low 
density polyethylene, linear low density polyethylene, polypropylene copolymer, and/or ethylene/vinyi 
acetate copolymer, wherein the first layer is between the second layer and the third layerr* 

39. A film according to claim 38, wherein the third layer comprises low density polyethylene and linear tow 
density polyethylene. ^ 

40. A film according to any one Of claims 37 to""39, further comprising: 

a third outer layer as a thermoforming and heat-resistant layer; and ^ ^ 

a fourth tie layer, the fourth layer being between, the first layer and the third layer. 

41. A film according to claim 37, further comprising: 

a third layer, the third layer being an oxygen barrier layer, the first layer being between the second 
layer and the third layer; 

a fourth layer, the fourth layer being a tie layer, the fourth layer being between the first layer and 
the third layer; 

^ a.f ifth layer, the fifth layer being an thermoforming and abuse layer, the fffth'^layer being between 
the third layer and the fourth layer; 

a sixth layer, the sixth layer being a thermoforming and abuse layef.'^the third layer being between 
the fifth layer and the sixth layer; 

a seventh layer, the seventh layer being an outer !ayer as well as a heat-resistajit a|id thermoform- 
ing layer, the sixth layer being between the third, layer and the seventh layer; , 

an eighth layer, the eighth layerbeing a tie layer, the eighth layer being between the sixth lay r 
and the seventh layer; and ^ 

a ninth layer, the ninth layer being a thermoforming and abuse layer, the ninth layer being between 
the seventh layer and the eighth layer. 

42. A film according to claim 37. further comprising: - * 

a third layer, the third layer being an oxygen barrier layer, the first layer beingJset ween the second * 
layer and the third layer; 

a fourth layer, the fourth layer being an outer layer as well as a thermoforming, abuse, and heat- 
resistant layer, the third layer being betweep the first layer and the fourth layer; 

a fifth layer, the fifth layer being a thermoforming, abuse and ultraviolet-protection layer, the fifth 
layer being between the first layer and the third layer ^ * 

a sixth layer, the sixth layer being^a thermoif^prming, abuse, and ultravioiet-piptection layer, the sixth 
layer being between the third layer and the fourth layer, ^ 

a seventh layer, the seventh layer being a tie layer, the seventh layer being between the first layer 
and the fifth layer and 

an eighth layer, the eighth layer being a tie layer, the eighth layer being between the fourth Jgye^ 
and the sixth layer. ^ *^ 

43. A film according to claim 37, further comprising: 

a third layer, the third layer being a tie layer, the first layer being between the second layer and 
the third layer. . ' ^ ^ ^ <^ 

a fourth layer, the fourth layer beinglan outer lay r as jyyell as a thermoforming, abuse, and heat- 
resistant layer, the third layer being between the first layer and^the fourth layer; < ^ 

a fifth layer, the fifth layer being a thermofomning, abuse, and ultraviolet-protection layer, the fifth 
layer being betw en the first layer andTthe'third layer; 

a sixth layer, the sixth layer being a thermoforming, abus§, and ultraviol t-protection layer, the sixth 
layer being between the third layer and the fourth layer; 
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a seventh lay r, the seventh layer being a tie layer, the seventh layer being between the first layer 
and the fifth layer; and 

an eighth layer, the eighth layer being a tie layer, the eighth layer being between the fourth layer 
and the sixth layer. 
5 ^ 

44, A multilayer film connprising: 

a first outer sealant and food-contact layer, which comprises ionomer. ethylene/acid copolymer, 
and/or carboxyl-modif led polyethylene; 

a second outer layer as a non-food-contact layer; 
10 a third layer, the third layer being a seal-assist layer, the third layer being between the first layer 

and the second layer, which third layer comprises: 

(i) as a first component, polyethylene homopolymer, ethylene/a-olef in copolymer, ethylene/vinyl acet- 
ate copolymer, and/or ethylene/acrylate copolymer; and 

(ii) as a second component, elastomer, plastomer, ionomer, and/or carboxyl-modif led polyethylene; 
15 a fourth Jayer. the fourth layer being a memory layer, the fourth layer being between the second 

layer and the third layer; 

a fifth layer, the fifth layer being a tie layer, the fifth layer being between the third layer and the 
fourth layer; and 

a sixth layer, the sixth layer being a tie layer, the sixth layer being between the second layer and 
20 the fourth layer. 
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SEAL STRENGTHS OF DISSIMILAR SEALAXTS SEALED TO SUPL^S 
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3. Claims 12-19, defining a sealed package comprising a 
homogeneous ethylene/alpha-olef in copolymer in a t±x.^t. 
outer layer film sealed to a second outer film compriising 
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ANNEX to Supplemental Sheet B 

motivation for non-unity of EP95303a60.i (W R Grace & Co.-Conn.) 



Present independent product claim 30 defines a film comprising an outer layer comprising as 
a first component polyethylene homopolymer, ethylene /alpha-olefin copolymer, 
ethylene/vinyl acetate copolymer, and/or ethylene/acrylate copolymer; and as a second 
component elastomer, plastomer and/or carboxyl-modified polyethylene. 

From the present description (cf' page 6, lines 12 to 20) it Is clear that the term "and/or" 
means that each component should comprise at least one of the polymers defined for said 
component. 

Present independent produfct claims 1 . 20. 33. 37and 44 define a sealed package or a 
muitilayered film which always at least comprises the film (not necessarily as an outer layer 
though) defined in claim 30. it is noted however that in claims 20, 37 and 44 it is defined that 
the second component may also comprise ionomer. 

Present independent product claim 12 defines a sealed package comprising a seal between 
a first outer film layer comprising a homoQeneous ethylene/alpha-olefin copolymer, and a 
second outer film layer comprising an ionomer, ethylene/acid copolymer and/or carboxyl- 
modified polyethylene, wherein the seal has a strength of at least 0.35 N/mm. 

The technical feature common to ^11 of the independent claims 1,12. 20. 30, 33. 37 and 44 Is 
a film comprising an ethylene (€0)polymer. Since films comprising ethylene (co)polymer are 
well-known in the art (see for example page 315. of the "handbook of plastic materials and 
technology", cited in the (partial) Search Report), the technical feature common to all of said 
claims is not novel. Consequently, the common feature is not a special technical feature 
within the meaning of Rule 30 EPC, since if makes no contribution over the prior art. 

There exists no other feature common to all of said claims, which can be seen as a special 
technical feature within the meaning of Rule 30 EPC. Therefore, no technical relationship 
within the meaning of Rule 30 EPC between the subject-matter defined in ail of the 
independent claims can be seen. 

Consequently it appears that, a posteriori, claims 1 to 44 do not satisfy the requirements of 
unity of invention (Rule 30. Article 82 EPC). 

Two different non-unity objects can be disti nguished, each characterised by technical 

~fealufes"{i.e, use of the^fHSTin a packaige, the film further comprising an other component, 
etc.) of a film comprising an ethylene (oo)poiymer (constituting the common technical feature 
of all of the claims). The technical features of the independent claims of each of said objects 
represent two different inventions: 

1) A film as defined in present independent claim 30, i.e a film comprising an ethylene 
(co)polymer selected from polyethylene homopolymer, ethylene /alpha-olefin 
copolymer, ethyl ne/vinyi acetate copolymer, and/or ethylene/acrylate copolymer 
blended with a second component s I cted from lastomer, plastomer, carboxyl- 
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modified polyethylene. Claims 20. 33, 37 and 44 define a muttilayered film comprising a 
film as-defined in claim 30; claim i defines a sealed package comprising sucfi a film 
Claims 1 .11. 20-44 ^ « 

Having regard to the present description at page 2. frorn line 19 onwards, the problem 
underlying this set of claims may be regarded as to- provide a sealant film comprising 
two or more different polymers, said-film being less expensive than (pure) ionomer 
compositions, but having the same advantageous seal properties provided by 
ionomers. 

2) A sealed package as defined in independent claim 1 2. comprising a homogeneoiis . 
ethylene/alpha-olefin copolymer in a first outer film sealed to a second outer film 
corriprising ionomer, ethylene/acid copolymer or carboxyl-modified polyethylene 
Claims 12 -19 ' _v 

It is noted lhat, in the absence of relevant prior art (since no search has been carried 
for the subject-matter of these claims), the problem underlying this set of claims may be 
regarded as to provide a sealed .eacbage having a seal strength of at least 0.35 IM/mm. 

However, the search has revealed that the subject-matter of claim 30 lacks novelty in view of 
aLJsast the following documents, ail dted in the (partial) Search Report: EP-A-24270 
EP-A-276908, JP-A-61 094753 (as interpreted by its WPI abstract). JP-A-54141872 '(as * 
interpretedbyitsWPIabstract), JP-A-6201 1761 (as interpreted by Its WPhabstract), . 

Consequently, it appears that the feature common to all of claims 1-11 and 20 - 44 cannot 
be regarded as a special technical feature>within the meaning of Rule 30 EPC, since it 
makes no contribution over the prior art. ■ - - " 

Consequently, it appears that, a posteTibri." claims f - 1 1 and 20 - 44 do not satisfy the 
requirements of unity of invention, and a number of different inventions could be 
distinguished in the subject-matter of claim 30. Following a strictly formal approach claim 30 
should be divided according to the different blends, i.e. into aUsast 12 non-unity subjects ^ 
each defining a film comprising a blend of (at least) two components (for example (i)" " 
polyethylene homopolymer blended with an elastomer; (ii) polyethylene hooiofiplymer 
blended with a plastomer; etc.). A further division of the subject-matter of the application as a 
JOhQlfi. wouW be necessary to define also a blend comprising ionomer«(as defined in present 
claims 20, 37 and 44). Furthermore, such a division woukl not be sufficient to overcome all 
formal non-unity objections, since the thus defined.nims are not all novel (see documents 
referred to above). Therefore, a futher division having regard to additional layers or use in 
packaging materials would t}e necessary. w' - 

However, for reasons of economy (having regard to the very high amount of search fees the 
Applicant wouW have to pay in such a case) and for reasons of structural similarity of some 
components, the examiner has made the following division: _ . ' 

1.1) A filiji cQmprising an (outer) layer comprising as a first component. poTyeYfiylene 

homopolymer, ethylene/alpha-olefin copolymer, ethylene/vinyl acetate copolymer. - 
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andyor ethylene/acrylate copolymer; and as a second component elastomer or 
ptastomer. 

Multilayered films comprising such a layer. 

Sealed packages comprising such films. 

Claims 1 - 11 , ?Q - 44? partly 

1 .2) ^^A film comprising coifiprising an (outer) layer comprising as a first component, 

polyethylene homopolymer, ethyiene/alpha-olefin copolymer, ethylene/vinyl acetate 
copolymer, and/or ethylene/acrylate copolymer; and as a second component carboxyi- 
modified poTyethylene (or, when present in a multilayered film, ionomer). 

Multilayered films comprising such a layer. 

Sealed packages comprising such films. 

Ctaimsl ■11,20-44, partly 



The partial Search Report has been drawn up for the subject-matter defined in group 1 .1 
above. ^ ' 

If {upon 'Ajpplicant's request) a further search will be carried out for the subject-matter of 
claims 12 tO'^IS. it may not be excluded that, depending on the results of this further search, 
a further non-unity division will have to be made. ' 
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